
Submitted to the 

Bundelkhand University, Jhansi-284128, U.P 




For the degree of 


genetics and^fknt breeding 

By 

Pankaj Singh 

Under the Guidance of \l 

Dr. S.P. Singh 
Reeder & Head 

Departnient of G^ietii^ and Plant Breeding 
Brahmanand Matiavidyalaya, Rath-Hamirpur (U.P.) 







BRAHMANAND MAHAVIDYALAYA 

RATH (HAMIRPUR) U.P. 


Dr. S-T. Singh Reader & Head * 

M.Sc. (Ag.), PI 1 .D., B. Mas. (AUd.) Deptt. of Genetics & Plant Breeding 

Mob.: 09450266640 



CERTIFICATE 


This is to certify that the tb^is entitled “A Study stability for yield 
Xr^lcontributing characters in barley {Hordeum vulgare L.) under Bundelkhand 
situation” submitted to the Bundelkhand University, Jhansi for the award of the 
degree of DOCTOR OF PHILOSOPHY in the subject of Genetics and Plant 
Breeding, is a lecord of bonafide research work carried out by Mr. Pankaj Singh, 
under my guidance and supervision and no part of the thesis has been submitted for 
any other degree. 


The manuscript pertains to the original work of the candidate. He has 
worked under my guidance and supervision for more than 24 months commencing 
from the date of his registration as required under the Ph.D. degree ordinance of the 
University and has put in the required attendance for more than 200 days in the 
department during the period. ^ \ 


Place; Rath 



(S. P. Sinkh) 




Bate 


I seize tHis opportunity to ej(press my profound regards and deep sense of 
gratitude to my guide ^Dr. S. SingH ^ader^Head, (Department of genetics 
(Plant (Breeding, BraRmanand IMaRavid^daya, ^tR (Jiamirpur), for Ris meticulous 
guidance, persistent encouragement and criticaC suggestions tRrougRout tRe course of 
tRis investigation. 

I am extremeCy gratefuC to Dr. S. B. Singfi, (PrincipaC, (BraRmanand 
MaRavidyaRiya, ^tR (9{amirpur), for (dRrwing me to worR^on the present project 
and extending afftRefaciBties required for completion of tRe present investigatum. 

I am tRanRfut to all faculty memSers, (Department of genetics dC (Plant 
(Breeding, Brahnanand MaRmndyaidya, ^gtR (Hamirpur), and (Faculty of 
Jlgrictdture, d^tarra (P. g. College, Jltrra, (Banda, V.F. 

I am cdso gratefuC to (Dr. S. (P. SingR, Sr Scientist (Plant (Breeding), FsgionaC 
JtgricuCture (Rgsearcfi Station, (BRarari, jRansi (f. S. dzadVmrer.dty of/'fjtinifturc 

and Fecfinofogy. Kanpnrj for Ris criticaC and ReCpfuC reading of tRis manuscript in 
infect vastCy improved due to Ris constructive comments and ample discussion. 

IfeCt pricR^ conscience to remain witR a single word of gratitude for tRe 
pivotaC roCe played By I am RigRCy indeRted to (Dr. SriRant CRaurasia, Former (Dean, 
FacuCty of JigricuCture, (BundeCRRand VniveTsity, jRansi and Jfead, (Deptt. cf 
JlnimaClHiisRandry dC (Dairying, (Dr. MuResR %iimar, (BraRmanandlMaRavd^daya, 
(RqtR fyCamirpur), during investigation andtRrougR out my studies. 

My coordinaC tRanRs are also due to my friends (Dr. P- KusRwaRwa, 
(Dr. CRote LaC i(tisRwaRa and Mr. 9{eeraj Pandey for tReir untiring ReCp in tRe 
researcR worRand RrotRerCy affection. 


I am RigRCy indeRted to my uncCe (Dr. (BisRaCPaR Pgtd. (Deputy (Director 

JdgricuCture and in present advisor Jlgricudture (Department, Panda for their 


valuaRCe suggestions and erwouragement tRrougRout tRe study. 


I express my profound regard and reverence to my Mother Smt. (Bimk 
FJed; Father Sftti [S'andCaC SingR; •Younger RrotRerSri. (Praveen Sing fi for their Cove, 
affection, encouragement and moraC support during my study period 


(Dated: 


smgff) 


Contents 


CHAPTER S 

IMTRODUCTIOM 
REVIEW OF LITERATURE 
MATERIALS AND METHODS 
EXPERIMENTAL FINDINGS 
DISCUSSION 

SUMMARY AND CONCLUSION 


PAGE NO. 

1 -5 
6-29 
30 “ 45 
46 ” 72 
73-95 
96 - 102 


REFERENCES 


103-113 





Chapter-1 


INTRODUCTION 



Barley {Hordeum vulgare L.) is one of the earliest crop to be domesticated. 

It is the world’s fourth most important cereal after wheat, maize and rice. 

The barley grains are primarily used for human consumption in various 
preparations, as a feed for livestock, and to a limited extent for the 
manufacture of beverages. Barley based agro industries market bear, pearl 
barley, lemon barley, water and lime barley. Barley has often been used as 

a model crop for many research programme because of its less r, 

■ •( 

chromosome number, large chromosome size, easy handling and genetic ' 
markers etc. However, its yield level is low and therefore, need to be , 
improved. During 2007, the barley production was recorded millio^--'”'^ 

tonnes (MT) from an area oK82 6^niiii^ hectare (MH) in India (FAO, 2008). 

The major barley producing countries of world are CIS (USSR), 
Canada, USA, Germany, France, Spain, Turkey, U.K., Denmark and 
Australia. India does not figure^ in first 15 countries of the world in terms of 
area and production of barley in terms of productivity, the European 
countries having winter type barley had with more than 5.0 tonnes/ha. The 
barley grain available to the industries possesses higher husk and protein 
content and less carbohydrate which results in poor malting qualities. The 
continuous decline in barley area and production during 80’s and 90’s 
triggered a shortage for good quality grains of malting. 


In India major barley growing states are U.P. Rajasthan, Madhya 

Pradesh. Uttar Pradesh alone acxpunts for 44 peicent of area and 45 

I 'X* I 

perpent of production of barley in country followed by Rajasthan, Punjab 

and Haryana. The states like Bihar and Madhya Pradesh with considerable 
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area under barley yield far below the national average of 1.73 t/ha where 

most of barley is under rainfed cultivation.^ In India more than 7.1 million 

— .,.3 

hectare land is of saline/sodic nature in indo-gengatic plains and sea 
shores like Sunderban delta in West Bengal and parts of Gujarat, i 


The process of replacing thousands of local varieties or land races 
with a few uniform and high yielding ones has accelerated tjie genetic r 
erosion of the important fopd and cash 




superior varieties as-^wslUa® 



4ntF©d«etton> has stimulated structural changes in agriculture practices 
favouring large area monocultures. This strategy has greatly Improved food 
production but has also generated some problems related to environment 
and agricultural production per unit area. It has become obvious that 
genetic uniformity, which arose with cultivation of only few varieties with 
similar genetic backgrounds, makes a particular crop vulnerable to 
epidemic of pests, disease and»®lev8rtes stress. Barley is one of the most 
important crop in semi arid areas of north Africa and west Asia where 
approximately 1 1 million hectares are devoted to its production. 


Yield is a complex character and is the final product 
generated by the inherited characters that thfe controlled by polygenes 




and are markedly influenced by environmental fluctuations.^Although the 


percent age of hom ozygous genotypes increases considerably with each 


'Oe'V' 




generation, however the number of plants that are necessarily involved \ 




In the selection becomes so large that the size of population grown J 




jecomes unmanageable. \ 


The development of an effective plant breeding programme is 
dependent upon the existence of genetic variability. The magnitude of 
variability present in the gene pool of a crop spedes is of ut-most 
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importance to a plant breeder for starting a judicious plant breeding 
programme. The variability is measured through parameters like heritability, 
genetic divergence and expected genetic gain. Heritability and genetic 
advance are important to provide information about correspondence 
between genotypic and phenotypic variance. Heritability estimates along 

genetic advance are normally more helpful in predicting tfie grain)^ ^ 
under selection than heritability estimates alone. However, it is not 
necessary that a trait showing high heritability will also exhibit high genetic 
ad vanc^ (Johnson et ai, 1995). The high heritability accompanied with 
*^igh genetic advance indicates that most likely the heritability is due to 
additive gene effects and selection may be effected. 

The character association among the attributes is estimated by 
genotypic and phenotypic correlation which is used to find out the degree 
and direction of relationship between two or more variables,^Path coefficient 
analysis is simply a standardized partial regression coefficient which splits 
the correlation coefficient into the measures of direct and indirect effect%^ 
(Dewey and Lu, 1959). 

The basic difference between genotype and their yield stability is 
the wide occurrence of genotypic environmental interaction which can be 
attributed to reaction of genotype to known environment such as drought 
and stress factors and consequently resistance breeding is of significant in 
improving yield stability. The adaptation is the property of genotype 
permitting its survival under selection whereas adaptability is the genetic 
®*3iHty, which results in stabilization of genotype environment interaction by 
means of physiological (individual) and genetical (peculation) reaction of 
organism to environments. The adaptability is thus a manif^tation of 
genotype environment interaction (Allard and Bradshow. 1964) which 
turn is a genetic dharacter inherited by organism through the process the 
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evolution (Jinks and Mathur (1955). The genotype environmental 
interactions have a important bearing on the plant breeding problems. An 
obvious and significant effect of those interactions is to reduce the 
correlation between phenotype and genotype with the result that the valid 
inferences become more complicated. This implies whether the interest is 
to determine the mechanism of inheritance or to evaluate new strains. 
Comstock and Moll (1963) have shown statistically the effect of large 
genotypic environment interaction in reducing the progress from selection. 


Oka (1967) has classified crop adaptability into two categories (1) 
the general which refers to the ability of crop plants to produce ^ 
consisten^^igh yielding under varied environmental conditions. (2) 
Specific which indicates the ability to react and resist to a particular 
condition such as cold, drought, or pests. The stability and productivity are 
the two consistent characters hence, it is possible to breed varieties having 
high yield potential, stability and high productivity. There are two concepts 
of stability (Static and Dynamic). In static concept the stable genotype 
shows variation in the performance over environments regardless of any 
variation of the environmental conditions. The dynamic concept permits a 
predictable response to environments and a stable genotype 
correspond^^ESi completely to the estimated level or the prediction of 
performance. According to the dynamic concepy, only the deviation of a 
genotype from this general relation is considered as a contribution to 
unstability because the general response of all genotypes may be 
interpreted as environmental effects. Several models including regression 
approach model of Years and Cochran (1938), stability factor of Lewis 
(1954), static of Plasted and Peterson (1959) and covalence of Wricke 
(1962) have been proposed for the estimation of (G x E) interaction. The 
regression approach model was later utilized by Finlay and Wilkinson 
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(1963) to select stable genotype in barley. Eberhart and Russell (1966) 
later improved upon the regression approach and added other parameters, 
deviation from regression (S^di) beside regression coefficient (bl) for 
stability. They defined genotype with unit regression and least deviation 
from regression as stable genotype. Perkins and Jinks (1968) used the 
same two parameters for stability but at the same time modified the method 
of estimation of regression coefficient. They opined that Instead of 
regression mean performance (Ej + gg) on the environmental index (Ej), 
genotype unenvironment Interaction (G x Egg) should be regressed on the 
environmental index. 

Keeping the above in view, the present investigation entitled 

“A study on stability for yield and yield contributing characters in 
barley (Hordeum vulgare L.) under Bundelkhand situation” is being 
undertaken with the following objectives : 

(i) To find out the variability, heritabitity and expected genetic advance 
for different characters under study. 

(ii) To estimate the character association between yield and its 
component characters through correlation and path analysis. 

(iii) To find out the phenotypic stability for various characters under 
different environments. 

(iv) To suggest a suitable breeding plan based on the present 
investigation. 
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Chapter-2 


REVIEW OF LITERATURE 


Several workers have studied “ Jfejrtodwxa &n- stability for yield and yi eld 
contributing characters in barley (Hordeum vulgare L.) ,u«dei^ 
BttndSIBirra'’^^ in this chapter, the literature pertaining to 

different aspects of the problems under study has been reviewed. 


GENETIC VARIABILITY, HERITABILITY AND GENETIC ADVANCE 


The barley is cultivated under varied agro climatic conditions. There is 


need to isolate, identify and charac^rize the varieties suitable under 
varied agro climatic and tefftltzer Gonditi ons. This will be helpful in selection 


of 


g nd-tiartt^ ^ suitable under different levels of 


fertilizer and irrigation for breeding programme 
crop improvement. 


Yadav et al., (1991) obtained information on genetic variance and 
heritability derived from data on 6 yield components in 8 diverse and elite 
barley genotypes and their Fi and F 2 generations grown at Deoria in rabi 
1 979-80, (^ Rafna carried a high frequency of dominant genes for tillers 
per plant, ear length and grain yield per plant and cv. Jyoti for spike lets per 
ear and 1000 grain weight. Heritability in the Fi’s and F 2 ’s was high for 
tillers per plant and grain per ear. 

Kaeppler et al., (1991) conducted research to determine the 
inheritance and to examine maternal quality factor in malting barley* 
Heritability of alpha amylase activity was estimated by measuring activities 
of seed from field growths of parents and progeny. The heritability of alpha 
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amylase activity on an F2 plant basis ranged from 0.37 to 0.65, while on an 
F5 line basis it ranged from 0.39 to 0.74. 

/s 

Yadav (1993) information on genetic variance, genotypic correlation 
and path analysis was derived from data on growth parameters in 25 elite 
varieties of barley raised under non saline and saline irrigated conditions 
during rabi season of 1988-90 in Haryana. Tlllers/plant, spike length and 
1000-grain weight showed low genetic variance as well as genotypic 
coefficient of variation. Heritability was lower under saline than non saline 
condition for all the traits except 1000-grain weight. Genetic correlation and 
path coefficient analysis were modified under saline stress. 

Sharma and Maloo (1994) obtained information on genotypic and 
phenotypic variability derived from data and yield related traits In 36|^f 
hybrids and their 9 parents. Variability was high for grain yield, ear/plant 
and tlllers/plant. 

Nadziak et ai, (1994) 94 varieties of the 6 rowed type and 53 

of the 2 rowed typ^uring 1987-90. The degree of genetic variability was 
determined. Heritability estimates were high for ear length, hardiness, plant 
height and grain yield in 6 rowed types and for lodging hardiness, plant 
height and grain yield in 2 rowed types. 

Park et a!., (1994) evaluated 137 accessions of wheat and barley at 
Research institute of Suwon during 1988-89. The heritability estimates for 
starch content was 30 per cent. 

Lu et al., (1995) conducted trials with 5 cultivars of two - ro>N&i 
barley. Heritability of various characteristics with seed yield/plant was low 
showing that the choice of a single character in selection is inefficient. The 
number of ears/plant was the most effective character for selection. The 
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most effective combination of characters for high yielding selection was 
number of ears/plant, number of seeds per ear and seed yield. 

Kudia et al., (1995) studied of Fa hybrids from reciprocal crosses 
between the induced mutant M-96, with many ears per plant and the strain 
B-81, with many grains per ear, non additive gene action played the 
predominant role in the inheritance of grain yield per plant and plant height. 
Additive genes were more important in the inheritance of grain number per 
ear, ear number per plant and 1000 grain weight. Heritability estimates 
were highest for plant height and lowest for number of ears per plant. 

Sajeda Begum et al., (1997) reported that the grain yield had the 
highest phenotypic and genotypic coefficient of variation, followed by 
number of fertile tillers. All the traits studied possessed high heritability 
values, the highest being for grain yield. Genetic advance was high for 
grain yield followed by number of fertile tillers and grain size. 

El-Hennawy (1997) conducted two field experiments to estimate 
the genetic coefficient of variation, heritability and genetic advance in 6 
yield components measured from 20 barley cultivars (8 Local and 12 
German cultivars). Path analysis was used to assess the relative 
importance of plant characters contributing to yield. The results indicated 
that the highest genetic coefficient of variation was obtained for 
grains/spike and grain yield per plant while lowest values were recorded for 
plant height and 100-kernel weight. The heritability estimates ranged from 
29.03 percent for harvest index to 71.30 percent for per spike. Expected 
genetic advance with selection of the highest 5 percent, expressed as a 
percentage of the mean, ranged from 1 1 .62 percent for plant height to 
58.31 percent for grains per spike. 
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Martinez et aj.,^ (1998) reported the broad sense heritability for 
heading ranged from 42 to 86 perbent^values obtained for grain yield rr-./ 
12 to 27 pement^ere more consistent among broad sense than narrow 
sense estimates ge netic , advanca estimates were Jow due to lack of 
additive variance. 


Leebu Babu et ai, (1998) studied on genetic variability among 56 
malting barley genotypes (comprising 23-2-rowed barley) for 16 quality and 
yield components. Seeds/spike, spikes/m^, tillers/m^, 1000-grain weight 
and seed yield/plot exhibited high heritability estimates coupled with high 
estimates of genetic advance. This implied the presence of adequate 
variability among genotyp^for further improvement based on additive 
gene action. Days to 50 pejcer\\ flowering and days to maturity had 
low heritability. 


Vimal and Vishwakarma (1998) observed that broad sense 
heritability ranged from^ 3.^(days to maturity) to (967.8) peijcent (grain 
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yield/plant) high heritability coupled with high genetic advance was noted 
for tillers/plant, spike length, spikelets/spike and grain yield/plant. 


Sinha et a!., (1999) studied ^ two crosses of barley namely BR 
31 X BM and K 69 x Ratna, in Bihar, India. In BR 31 x BM 4, high estimates 
of ^^aS^ heritabili]^^and intermediate genetic advance were recorded, 
for days to heading, heritability were high but genetic advance as percolaqe 


tr: 


of mean was low for grain yield per plant in K 69 x Rate(na medium 
to high estimates of (^rioi^ heritability were associated \A^h hiph ^ u 
estimates of genetic advance for grain yield per plant. The herilabilffly for 
tillers per plant, spike length, grains per spike and 1000 grain ^weight were 
low to intermediate. 
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Ram Kishore et al., (2000) observed that high estimates of 
phenotypic and genetic coefficient of variability were obtained for plant 
height, flag leaf length, number of grains/ear and grain yield/plant. High 
estimates of heritability coupled with high genetic advance were recorded 
for plant height, number of tillers/plant, flag leaf length and ear length. 


Pilania; (2005) information on genetic variance, genotypic 
correlation and path analysis was derived from data on growth parameters 
in 30 varieties of barley. Tillers/plant, spike length and 1000-grain weight 
showed low genetic variance as well as genotypic coefficient of variation. 
Heritability was lower under saline than non saline condition for all the traits 
except 1000-grain weight. Genetic correlation and path coefficient analysis 7\&ml 
were mpaifled under saline stress. 


Dhama (2007) estimatestthe genetic coefficient of variation, 
heritability and genetic advance in 7 yield components «^tsuieetrfiEcraa 25 
barley cultivars. Path analysis was used to assess the relative importance 
of plant characters contributing to yield. The results indicated that the 
highest genetic coefficient of variation was obtained for grains per spike 
and grain yield per plant while lowest values were recorded for plant 
height and lOO-seed^ weight. The heritability estimates ranged from 30.55 
percent for harvest index to 69.66 peijcent for per spike. Expected 
genetic advance with selection ef tho ■ highe 8 t - 6-p e i | eent; expressed as a 
percentage of the mean, ranged from 10.89 perjUnt for plant height to 
60.24 percent for grains/spike. 
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CORRELATION COEFFICIENTS 


The results of correlation analysis were presented by the Khodzhakulu 
(1 980) for yield and 7 related characters in two varieties. Yield was closely 
related with number of ea^- ^eam ar tillers/m^, 1000- grain weight and 
number of grains/ear. Correlation analysis presented between 

yield component t hp pooffi e jeffc ra^^ varied according to 

environmental conditions and agronomic practices but were successfully 
used as the basis for selecting for high yield grain set and tiller number. 

Merskow et ai, (lOSSJUft^^^sl^^^analysIs of data on yield 
and 7 related characters in 6 Fa hybrids^grain number/ear was correlated 
with grain weight/ear (r=0.65) and ear length (r=0.48) while plant height 
was correlated with ear length (r=0.54) and number of fertile tillers (r=0.32). 

It is thought that grain number/ear is a promising 4n#SBt character for use 
in selecting for a grain yield in Fa population. 

Singh (1987) studiedA^the nature of direct and indirect effects of 
the major yield characters in hull less barley by using path analysis. In 
general genotypic correlation was higher than the phenotypic correlation 
under all the three irrigated, rainfed and late sown cropping conditions. 
Grain yield exhibited positive correlation with number of ears per plant 
and 1000-grain weight negative association was observed with plant 
height and ear length. 

Singh and Singh (1990) ctudi e d- grain yield was positively 
correlated with length of flag leaf, number of intemodes per plant and 
number of ears per plant under rainfed and irrigated conditions and with . 
stem length under rainfed conditions only. 
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Lin and Yu (1990) analyzed beta amylase activity and malt diastatic 
activity (ability to produce maltose from starch using its own diastase (alpha 
glucosidase) in mature seeds of 10 two rowed barley cultivare and 10 F 2 
hybrids which indicated that beta amylase activity was significantly 
correlated with malt diastatic activity (r=0.991). Alpha amylase activity was 
correlated with malt diastatic activity (r-0.50). Malt diastatic activity may be 
predicted by testing beta amylase activity. 


^ Hadjichirstodoulou-A (1991) conducted a field experiment in 1988- 

89 65 barley genotypes grown at 20 different Mediterranean 

U-c- 

sites with annual precipitation of 236-500 mm. tro concluded that optimum 

plant height under dry land conditions is about 100 cm. consistently high 

* ] 

yielding cuttivars were among the most stable in height^ plant height was 
positively correlated with grain yield, straw/ yield and total plant dry matter 
in most experiments. 


Dolicki (1 992) conducted .a-frf6t experimenUpf various sites in the 
Beskide foothills over 5 years. Agronomic traits were investigated In 86-2 
rowed winter cultivars of barley, tillering, ear length, 1000-grain 

weight were better in two rowed barley cultivars. For two rowed cultivars 
and strains, the weight of grains/ear was correlated with seed number/ear 
(r=0.549) while for multi rowed cultivars the weight of grains/ear 

was correlated with ^ seed number/ear (r=0.766) and 1000- grain weight 
(rs=0.465). ^5®teti6n among other traits mis not significant. The best over 
wintering multi rowed cultivars show lower seed weight/ear and seed 
weight/plot as well as lodging tendencv. 4:QCQl high yiel rti n n cuttivars mean. 

i ftfemiTimpJid adiQOiiaiatainrxinditinPR^h^^ 


Mandal and Dana (1993) reported that seed yield exhibited positive 
and highly significant genotypic association with flag leaf area, number of 
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grains/ear, length and width of grain and 1000-grain weight. Flag leaf area 
showed positive correlation with all the traits measured. 


Yadav (1993) reported that under saline condition grain yield was 
positively correlated with tillers per plant and 1000-grain weight. Plant 
height had positive correlation with tillers per plant and 1000-grain weight. 


Theoulakis et al., (1994) estimated the correlation coefficient in F3 
and F4 g^in,y(eld and harvest index and between grain yield and 


biomass were *%h and very re speo tft^ly. the F3 to the F4, the 
correlation significant ^ harvest index in all populations, while -betweerr 


harvest index and grain yield were significant in only one popula^H- 




Savin ef al., (1996) indicated that decreas^ in grain dry matterT^^'''^"' 
yN&re due to reductions in number rather than size of starch granule. It was , 
concluded that high temperature reduced the amount of maltable grain by\ ^ 
reducing grain size and increasing the screening percentage and also — 4 

reduced malt extract by 3-7 perjjent which represents a large decrease for 
the malting industry. 

El-Hennawy (1997) in interrelationship study «h©wecFpositive and 

/- 

significant phenotypic and genotypic correlations between grain yield per 
plant ajJe-easkP^ grains/spike, 1000-grain weight and harvest index. Path 

\ 000 ,^. i 

analysis revealed that grains/spike and 100-grain weight has the most 
marked effects of grain yield and could, therefore, be considered for use as 
selection criteria in barley breeding. 


Irfan-ul-Haq (1997) grown twelve (12) husked barley QpaiSalabdy 

for correlation and path analysis for grain yield and its componentsa^^is-L- 

fisAl- ^ 

(lxrhryy.f i:^iftositive assQciatiori^ grain yield with 1000 grain weight and number of 
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spikelets per spike. However, grain yield was negatively asociated with 
days to heading. 


Singh et al., (1998) evaluated eight elite lines and their 28 Fi 
hybrids. The data obtained were used to estimate correlation coefficient,^ . 
Grain yield/plant was correlated significantly with spikelets/ear, straw 
strength, tillers/plaht and 1000-grain weight. Association^, between 
tillers/plant, spikelets/ear and 1000-grain weight were also positive and 
significant with grain yield/plant. 


Verma et al., (1998) raised eighteen indigenous genotypes of 
barley cultivars to study correlation and path coefficient amwg 11 


characters, grain yield showed jTi^^tgf^positive and significant as^ciation 
with number of ears/plant, 1000- grain weight. (However,) positive and 




significant correlations were also observed Jar^grains/ear, grain weight/ear, 
1000-grain weight ^ 


Subhash ef al., ^1998) conducted a field trial ^jJobner, Rajasffv^ 




in rabi (winter) 1994-95;barley cv RD 2052 was given 30, 60 or 90 kg N/ha, 
0, 15 or 30 kg zInc/ha and 0 or 0.125 pe^nt mixtalol spra^ yield 
increased with rate of N applicatlonc^pplication iS^eoJ^N/ha significantly 


increased the yield attributed over 30 Kg N bi 


)ar with 90 Kg H. 


Grain yield had a positive and significant correlation with effective tiller^ 
ear length, number of grain per ear and test weight 


Ram KIshor et al., (2000) reported that grain yield/plant exhibited 
significant and positive association with plant height, number of tillers per 
plant, number of grains per ear and 1000-grain weight The 1000-^rain 
weight was also positively am associated with plant height and number of 
tillers per plant.^ign4an® 
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Bhattacharya (2005) studied the nature of direct and indirect 
effects of the major yield characters in barley by using path analysis. In 
general genotypic correlation was higher than the phenotypic correlation 
under all the three irrigated, rainfed and late sown cropping conditions. 
Grain yield exhibited positive correlation with number of ears per plant 






and 1000-grain weight , negative association was observed wi^ plant 


height and ear length. 






■i If ;/ 


Singh and Khare (2008) jir interrelationship .^iudy sb^isied positive 
and significant phenotypic and genotypic correlations between grain yield 
per plant and ^jcb-ergrairts/splke, 1000-grain weight and harvest index. 
Path analysis revealed that grains/spike and 100-grain weight Ijas the most 

marked effects of grain yield and could, therefore, be considered for use as 

■ / 

selection criteria in barley breeding 


PATH COEFFICIENT ANALYSIS 

Singh (1987) reported that days to 75 perjcent heading had maximum dlred 
effect on yield at the genotypic level and number of ears/plant at the 
phenotypic level In 11 varieties under irrigated conditions. In rainfed 
conditions ear length, number of ear/plant, days to 75 peilcent maturity, 
number of spikelet/spike exerted a direct effect ob yield at the genotypic 
level while number of ear/plant and number of grains/spike had the 
effect at the phenotypic level. Under late sowing conditions, the grain yield 
was directly influenced by the number of grains/spike, plant height, days to 
75 pei|;ent maturity and 1000-grain weight at the genotypic level and all the 
characters except number of spikelets/spike at the phenotypic level. 


Singh and Singh (1990) studied ^ield /grip traits of bartey 
{Hordeum vulgare) in the parental, Fi and fz generations of an 11-parwit 
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diallel crossing grown during rabi 1986-87"^ in Varanasi, India. Path 
coefficient analysis indicated high positive direct effects on grain yield for 
number of internodes and ears per plant under both conditions. Highly 
positive indirect effects of grain yield were given by number of intemodes 
and ears per plant under both conditions and by stem length under 
rainfed conditions only. 


Garcia et ai, (1991) reported that grain yield of barley is influenced 
by several yield components and also by the duration of the vegetative and 
grain filling periods. Path coefficient analysis based on an autogenetic 
approach were conducted to study the relationship among grain yield, yield 
components and duration of the vegetative and grain filling periods in 9 
genotypes (including seven near isogenic lines) of spring barley varying in 
heading dates and several morphological traits grown in two environments* 
JL^b©-^F0vif=l€e-©f••G^^n9€te^^ Grain yield variation between 

environments and from year to year depended mainly on two yield 
componen^number of spikes/m^ and number of grains/spike. Duration of 
the vegetative period had a positive influence on grains/spike and a 
negative influence on length of the grain filling period. 


Ganesheva et 







k 


(1992) studied height and 8 yield traits in Fi 


progeny from the crosses 234 x Alfa and Ruen x Alfa* grain per plant and 
1000 grain weight had the gresKdst direct effect o n numpers gra^ 
per plant i rr e spe ctivo -of w h e ther- t h e phenotypic or genotypic corre l atien e 
fomiecHhe-basis^^^lSe^path a These two traits are recommended 

as reliable criteria for use in selection for yield. 


Mandal and Dana (1993) reported that path coefficient analysis 

j IKjL- 

indicated that number of grains/ear directly influenced m grain yield 
followed by 1000-grain weight and width of grain. 
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% 

Yadav (1993) conducted ^ experiment during the winter season of 
1988-1989, 1989-1990 to study genetic parameters in 25 elite varieties of 
barley under saline and non-saline conditions. Path coefficient analysis 
showed the positive and significant correlation of tillers per plant with grain 
yield was due to its high positive direct effect as well as positive indirect 
effect via plant height. The high negative effec| of spike length was mainly 
due to direct effect of this component and indirect effect via tillers per plant. 

KudI 



(1995) obtained information from a study of Fa hybrids 
from reciprocal crosses. 1000 grain weight had the greatest effect on 
yield in parents, while ear number per plant had the greatest effect on yield 
in the hybrids. 


Male< 





and Hancf^al (1997) recorded the data on 10 Yield 


/ 






components in 26 genotypes of barley grown during rabi 1992 was 
subjected to path analysis^The spikes per m ex^ted-the maximum effect 
on grain yield. 


Naik et al., (1998) evaluated twelve genotypes of 6-rowed barley 
at Dharwad in rabi season and yield was positively correlated with 
productive tillers/m^. Path coefficient analysis indicated that direct 
selection for productive tillers/^^ grains/spike and against plant height 
can improve yield. 

Verma et al., (1998) raised eighteen ptef Indigenous genotypes of 
barley to study correlation and path coefficient among 11 characters .The 
path coefficient analysis revealed that ears per plant, grains per ear 
and 1000 grains weight were direct contributors to grain Yield .whereas 

length of main ear, weight of grains per ear were /ifvdirect contributors 

■ 

via three characters. 

S- 
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Fathi and Rezaeimoghddam (2000) observed significant 
differences between genotypes for grain yield, above ground biomass and 
number of tillers. Among yield components, spike number/m^ and number 
of grains per spike had the largest direct effect on grain yield r(0236p 
However, its negative indirect effect reduced the correlation coefficient of 
spike number/m0With grain Yield (-O^>04). Number of seeds/spike had the 
highest effect through spike number/m^ ■(0"-448)“and 1000-graln weight 
decreased grain yield (-0.055) The number of grains per spikelet had less 
indirect eftrc on grain yieid through we,ht in api.e and spike nunrber/n,^ 
and also had no effect through spike length on grain Yield (Fiowever . wth 
respectixjTi^iaOaT effects fOT52*9)Tiaff^^^^d^^ and grain number 

in spike had-the largest direct effects on graiiri yield and that the^ 



characters could be used. In sefectroWbT^^^ yielding barley cultivars ^ 

Pilania (2005) studied odi path coefficient analysis in barley 

. : 

indicated high positive direct effects on grain yield for number of Internodes 

and ears per plant ^ u nd eE- b eth-ee HdtovS'. Highly positive indirect effects of 
grain yield were given by number of internodes and ears per plant 
■ beth- eenc Htoig and by stem length. 

i 

Singh and Khare (2008) shpw^ positive and significant 
phenotypic and genotypic correlations between grain yield per plant 
-antTjeerCn of grains per spike, 1 000-grain weight and harvest index. Path 
analysis revealed that grains/spike and 100-grain weight ^ the most 
marked effects of grain yield and could, therefore, be considered for use 
as selection criteria in barley breeding 


STABILITY AND ITS CONCEPT 



Genetic diversity plays an important role in preserving the 
stability of the ecosystems in the biosphere. The term phenotypic stability, 

yield stability, adaptability and adaptation are quite often used In v> 

/ : 

different seps^ 

Lewis (1954) defined phenotypic stability as the ability of an 
individual or population to produce as certain narrow range of phenotypes 
'^'Uifdifferent environments. 

Allard and Bradshaw (1964) stated that stability does not imply 
general constancy of phenotype in varying environments. In fact its may, 
depend on holding some aspects of morphology and physiology in steady 
State. Thus, the required varieties will show low genotype environment^for 
agriculturally important characters, particularly yield^A variety, which can 
adjust its genotype or phenotypic state in response to transient fluctuations 
in environment in such a way that jt'give^igh and stable economic return, 
can be termed 'well buffered. 



Broadshaw (1965) found that the expression of an Individual 
genotype can be modified by the environment,The amount by which it can 
be modified, can be termed as 'plasticity' and there^an be considerable 
interrelationship among plasticities of different characters. 

Lin et ai, (1986) amplified that concept of stability Is defined in 
many ways depending on how the scientist wishes to look at the problem. 
In fact, depending on goal and on the characters under consideration. Two 
different concepts of stability exists I.e. static and dynamic concept of 
stability. In case of static concept, a stable genotype possesses an 
performance regardless of any variation of tiie environmenteil 


unchaj^^ 
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conditions ^This stable genotype shows no deviation from the expected 
character level that means its variance among environments is zero. 

The dynamic concept permits a predictable response to environments and 
a stable genotype has no deviation from this response to environments 
meaning thereby that for each environments the performance of a stable 
genotype corresponds completely to the estimated level, termed the 
dynamic concept as the agronomic concept of stability ^ static concept as 
biological concept of stability. Static concept of stability is useful for traits 
whose levels have to be maintained at all cost. However, this stability is 
associated with a relatively poor yield level. 

STABILITY PARAMETERS 


The inconsistency in the performance of genotypes over a range of 

!1?X- 

environments has been and-vatying the breeders since long back. Various 
stability parameters/statistics have been developed to measure the 
phenotypic stability. The presently used line (g) stability parameters have 
been reviewed by Plaisted and Peterson (1959), Wricke (1962), Finlay and 
Wilkinson (1963), Eberhart and Russell (1966), Perkins and Jinks (1968); 
and Lin et al. (1986). 


The parametric approach to stability has the advantage of 
computational simplicity. For the use of proper statistics, the concept of 
stability and kind of environments, included in the experiment are to be 
clearly understood. In general, the following statistics are useful if the 
scientist is concerned about (I) stability over an entire range of 
environments, then group A (SLi^ and Cvi) is useful, (li) Comparing relative 
stability among the group of cul^ars and if regression model fits ttie data, 
group G (Finlay and Wilkinson. Perkins and Jinks) is the best, (ill) When the 
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data do not fit or if the residual MS from the regression are heterogeneous, 
group B (Wi or CJ^i) is the best and (iv) besides above described season 
Group 0 (Eberhart and Russell. Perkins and Jinks) is the best. 


VARIANCE G X E INTERACTION 

Plaisted and Peterson (1959) described a procedure to characterize the 
stability of the performance of several varieties tested at a number of 

I 

locations within one year. A combined analysis of variance overfell locations 
was computed for every pair of genotypes to estimate the interaction 
variance of variety x location for each pair of variety [g(g-1)/2 pairs]. The 
mean of variance of V x L interaction obtained for each variety/genotypes 
was used for comparison. The variety with smallest mean value of 
interaction variance was considered as the most stable variety. 

Ecovalence (Ecological valence) 

Ecovalence (Wi) is the contribution of each genotype to the G x E 
interaction. Wrickle (1962) proposed ecovalence (WI) as a stability 
measure using the G x E interaction effects for each genotype. Squared 
and summed across all environments. The lower ecovalence of a variety, 
the smaller are its fluctuations from the experimental mean under 
different environmen(i»and thus a smaller contribution to the G x E 
interaction. Accordingly, a variety with the least ecovalence (Wi=:0) is 
considered as more stable. 


Yates and Cochran (1938) proposed regression analysis to 
interpret the degree of association between varietal drffere^s and general 
fertility by calculating the response of yield of varieties on the 

mean yield of all the varieties. 
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Finlay and Wilkinson (1963) used the simple linear regression to 
describe various type of variety adaptability to a range of environments, 
which can also be used as a quantitative measure of phenotypic stability. 

The observed mean values of each variety are regressed on environmental 

% 

lnde)(es defined as the difference between the marginal means of 
environments and the over all mean. The regression coefficient (bi) for 
each genotype is taken as its stability parameter. Absolute phenotypic 
stability is expressed by bi=0. This method seems to be quite useful as the 
regression coefficient represents a greater part of yield variation caused by 
the environmental fluctuation. 

Perkins and Jinks (1968) proposed a biometrical model unlike 
purely statistical models (Finlay and Wilkinson model and Eberhart and 
Russell model) which specifies the contribution of genetic, environmental 
and G X E interaction and extended the analysis to cover many inbred lines 
and crosses among thert\ Followed by regression analysis similar to that of 
Finlay and Wilkinson model except that the observed values are adjusted 
for location effects before the regression analysis. The G x E effects on 
environments indices were regressed so that G x E variance to partitioned 
into a component due to pooled deviation from regression. If either or both 
have the two components are significantly greater than the experimental 
error G x E interaction is present If the heterogeneity component alone is 
significant. All the G x E interaction for an individual genotype can be 
predicted from the linear regression on environmental values If the 
remainder component alone is significant there is no simple or linear 
relationship between G x E interaction and environmental values and 
hence on predictions can be made by this approach. 
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Eberhart and Russel! (1966) proposed a more elaborate method 
based on regression technique for measuring the stability of single and 
three way cross of maize They calculated an environmental index (I)) for 
each environment as the mean of all varieties at one environment minus 
the grand mean of ail environment and the regression of observed 
values of genotypes are estimated on environmental indices. Further^ 
introduced deviation parameter (S^di) as the residual mean square (MS) of 
deviation from the regression. The regression (bi) of the variety mean on 
environmental index and deviation parameter are used as the measures of 
stability for each genotype. According to their definition, a stable variety is 
the one having b=1 and S^di=0. However, a desirable variety is the one 
which has a high mean (X), unit regression (bi= 1) and deviation from 
regression as small as possible (S^di=0). 


mean , 


Breese (1996) and Paroda and Hayes (1971) advocated the use of 
regression coefficient as a measure of sensitivity in different crops. 

Hadjichristodoulou (1974) Joaf^ stability of 1000-grain weight and 


its effect on correlation with 8 other traits In 50 varieties (18 

two-rowed and 32 six-rowed barley) at 10 sites with two sowing dates. 4@- 


ai3d426d?g#i^Hat-eaGh-'®lte‘'addttionaJHHWiteFial-w^^ 
GQrT§iattoirmton§-4ra!ts-stgTitftcah^^ 1000-grain 

weight )«^!%^^5S?ramong 2-rowed varieties were on average more stable 
than 6-rowed varieties. The 1000-grain weight was most stable and 

grain yield the most variabletJ^^. 


Verma and Ram (1990) found that Hulled BHS-25 and Hull less 
HBS-23 and BHH proved stable for grain yield. Hulled BHO-113 and HBO 
316 were high yielding but unstable and suitable only for better 
environment. The stability of regression analysis for studying the 
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phenotypic stability of grain yield was investigated using a collection of 220 
Nordic barley lines. Linear regression explained 26-52 per cent 
genotype x environment interactions in different group^ of the material. 
The regression coefficient (bi) measures and yield response of the i* 
genotype to improve environmental conditions, yield had the highest 
repeatability with correlations between years ranging from 0.57 to 0.85. 


Noaman et a!., (1992) conducted field trials {rH-SSS-SO-m-the-north- 
Wftstern-.regicm-aR€hnCTth*S^ 27 lines and cultivars of barley were-fiwTO 
at five environments varying in soil type, soil fertility, precipitation and 
temperature. Five barley genotypes exhibited both l^ly^eld and high 


f 


stability. Rank correlation showed that environment influenced some 
genotypes, while some other genotypes were relatively consistent in 
ranking at different environments. 


Nissila et al., (1992) used four parameters in analysis of yield 
stability^pi, S^di, r^i and environmental variance (S^i)^6 genotypes of 

/t 

barley a n d analyz ed 4fheaclr7gar 6 trials JEForfi different parts ^of-firHarrcT' 

~4F om t he years- l 987 -80 The multi year resul^ere considered as reliable 

to estimate yield stability. The variation between years was 
highly signiftcanl^here was no interaction between genotypes and years 
on the basis of this study, "|h^genotype x location interaction seems to be 
more Important factor than genotype x year interaction In barley breeding f 
fbr11wfelrx59n^^ a series of 3 years may not be sufficient for 

indicating genotype x year interactions. 


May et al., (1993) studied the response of bSHtey-grain yield to 
BfiT Tadtaifc Siafrie environments 
environments interactions with respect to barely genotype selection. 
Information from a test site and 1 1 entries over two 3 year span was used. 


to evaluate genot^ x 
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Genotype x location x year interaction from analysis of variance were 
significant for grain yieldij^otbidatel^^ 

Oliveira et ai, (1994) evaluated 14 genetically diverse barley 
genotypes at-St-^^at44FHt990-92-a^ in 1990 and 1991, and 

four populations (resulting from crosses of an 6 row Minnesota line, M 66 





with each of 4 European 2 row genotypes, Cheir, Remina. Caebcco 8858 

4>o 

and SV 83637). Data were obtained using digital image analysis, ©f stoch 

■ 

CH=ai=i~4iles ^ SignHflQant differences were found among lijthe 14 barley 
genotypes cjClveSSTgranule trait^. Environment had a significant effect on 
four granule traits, but genotype x environment interaction (G x E) were not . 
significant. Heritabilities were encouraging 0 n--e"’qenoty^ 


#»eH4-gen©^pa^liidyr-. 




Fekadu-Fufa (1995) evaluated 15 barley genotypes ^ five 
environments in North-Western Ethiopia to determine their peitorrpance 
and stability.The combined analyse of variance showed highly ^rijficant 
-(P-4ess~thaTT""Q:^ genotypef environment and genotype x environment 
effect on grain yield*The regression coefficient for the 15 genotypes ranged 
from 0.884 to 1.348 and were not significantly different from 1.00. 
Genotyp^PG 3510 (I), PG 3515 (I), and PG 319 (I) with regression 
coefficient close tonj3y, minimum deviation from regression and wtstEfrSe^ 
mean yield above the grand mean were stable* In performance 

across the environments Kulumasa 1/88 and Kulumasa 7/88 m that enste 
appeared more productive v\«re growing conditions are favourable* 


Nurminieml et at., (1996) studied the suitability of regression 
analysis for phenotypic stability of grain yield using a colleclion of 220 
Nordic barley lines. Linear regression explained 26-52 pei^Dent of genotype 
x environment (G x E) interactions in different grouping of the material yisfcl^ 
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had the highe$t repeatability, with correlations between years ranging from 
0.57 to 0.85^ genotype^ react differently to the yearly climatic variations^ Six 
rowed barleys had higher responsiveness* But lower mean yield, than two 
rowed barely. 

Das et al., (1996) reported the significant differences among 
varieties for all the characters under study revealing the presence of 
sufficient variability in the genetic materials. Mean square due to 
environment ^ genotype x environment interaction showed differentia! 
response of genotypes with respect to environments. Both linear and non- 
linear components of G x E interactions were significant for productive 
tillers/n^and grains per panicle. 

Kara, (1997) evaluated 12 bread wheat genotypes over five 
environments to evaluate different stability parameters and rank 
correlations among them. From the information on mean yield and 
comparative stability parameters. Kate-A^ 1 was^dged as the most stable 
genotype^, The mean yield was significantly j::orrelated with coefficient of 
determination (r^i)^The linear regression (^ statistic showed significant 
positive correlation with genotypic variance (S^j) and coefficient variability 
(Cvi),The covalence stability index (W^i) and stability variance were 
perfectly correlated (r= 1.00). 

Przulj et (1997) analyzed |n 10 spring malting barley genotypes, 
.-gmwiv-^^ The importance of genotype x year 

interaction^d malt fine extract and grain protein contend was determined 
by means of the regression coefficient and deviation trom regression as 
parameters of stability. The malt fine extract content depend mainly on the 
year. A Significant positive correlation was found between yield and the 
coefficient of regression for malt fine extract content. 


26 


Salem et a^, (1998)^ndicated that the genotype x environment 
interaction components accounted for the most part of the total variation for 
grain yield and its component^i^^splkes/m^, grain/spike and lOOO^rain 
weight. Regression coefficient (bi) values varied among the genotypes. 


Thakur et at., (1999) conducted trial on 75 cultivars of barley of 


wide origin under rain fed conditions over 3 years for stability analysis^ DL-^ 

''' ■ 

78 and DL-226 w^e stable for high yields and are Suitable for commercial 

cultivation. Ratari having a high production potential may be suitable for 

K 

specific favourable environments. 


Farshadfar (1999) reported that the relative contribution of seeds/ 
spike in the genotype-environment interactions was higher than those of 
spikes/plant and seed weight. It was also observed that the sensitivity of 
seeds/spike to the environmental fluctuations was less than that of the 
other two components and hence plays a more important role In the 
phenotypic stability of wheat. 


Upreti (1999) reported the presence of G x E interaction for all the 
characters except tillers per meter. The linear component of G x E 
interactions was significant for days to head, days to maturity, spike length, 
grains per spike and 1000-grain weight. Non-linear component was 
significant for most of the characters except days to maturity, spike length 
and spikelets per spike. 

Mishra et at., (2000) reported that eight promising wheat genotypes 
(GW-190, 01-803-3, Raj-1555. WH-142, DL-DL-788-2 and WH-533) were 
sown in Madhya Pradesh, India during 1996-97 and 1997-98 on 3 different 
dates (normal. 22 November, late. 2 December, and very late. 12 
December) Results showed that DL-788-2 and GW-190 had higher 
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adaptability and stability, and may be recommended for normal and late 
sowing conditions, The cultivar WH-147 was responsive to rich 
environments and may be recommended for cultivation based on normal 
sowing dates. DL-803-3 and Raj-1555 showed stability and sustainability 
under poor environmental conditions and may be recommended for 
cultivation under late sowing conditions. 


Sial et al., (2000) reported that ^he stability for yield performance 




and genotype x environment (G x E) /interaction was studied in 12 wheat 




(Triticum aestivum) genotypes grown at 13 contrasting sites. The combined 


analysis of variance over all environments revealed highly significant (P 
60.01) difference frf genotypes, environments and G x E interaction. An 


adaptation analysis was applied to estimate the (bi) and deviation from 
regression coefficients (S^d) for each genotype. 


Costa et al., (2001) obtained information from barley cultivars 
across 17 environments (locationyyears) i r rMa ryl a nd , •4JSArTiwn-40Q4^ 
46§7-aftd to examine the effect of locations and years of testing on grain 
yield performance iR=thte=l©ifenK- Significant differences were observed 


among barley cultivars and experimental lines for grain yield.plant height 


and heading data Grain yield was positively correlated with plant height and 
negatively with heading Genotype x environment interactions 


measured through regression analysis were significant for grain yield, 
heading and plant height* Most barley genotyp^ tested (90%) had 
regression slope for grain Yield that did not differ from 1 .0. 


Pilania and Dhaka (2004) stated that stability does not imply 
general constancy of phenotype in varying environments. In fact may, 


depend on holding some aspects of morphology and physiology in steady c 
state. Thus, the required varieties will show low genob^ environment for 
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agriculturalJy important characters, particuiariy yield, A variety, which can 
adjust its genotype or phenotypic state in response to transient fluctuations 
in environment in such a way that ^ giv^high and stable economic return, 
can be termed 'well buffered. 

Dhama (2007) sJgfeS the significant differences among varieties for 
all the characters under study revealing the presence of sufficient variability 
in the genetic materials. Mean square due to environment + genotype x 
environment interaction showed differential response of genotypes with 
respect to environments. Both linear and non-linear components of G x E 
interactions were significant for productive tillers/m^ and grains per panicle. 


Verma (2008) reported the importance of genotype x location 
interactionjpd malt fine extract and grain protein contents^was determined 
by means of the regression coefficient and deviation from regression as 
parameters of stability. The malt fine extract content depends mainly on the 
location. A Significant positive correlation was found between yield and the 
coefficient of regression for malt fine extract content. 
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Chapter-3 


MATERIALS AND METHODS 


The present investigation entitled “A study on stability for yield and 
yield contributing characters in barley {Hordeum vulgare L.) under 
Bundelkhand situation” was carried out during the year 2006-07 and 
conducted at two different locations yiz., experimental farm of 
Brahmanand Mahavidyalaya, Rath, Hamirpur and Attarra Degree College, 
Attarra, Banda (UP.). The details of the materials and methods are 
described below ; 

3.1 MATERIALS 

Forty genotypes of barley (Hordeum vulgare L.) wi^&e used for 
studying the variability, heritabillty, genetic advance, character association 
and phenotypic stability. The list of the genotypes^ is presented 
Annexure-I. 


3.2 EXPERIMENTAL DETAILS 


The barley (Hordeum vulgare L.) germplasm lines were grown In a 
Randomized Block Design with three replications at experimental farm of 
Brahmanand Mahavidyalaya, Rath, Hamirpur and Attarra Degree College, 
Attarra, Banda (U.P.) during 2006-07under two fertility levels and two 
sowing date conditions. Two meter row length and row to row spacing 
was kept at 25cm. The experimental materials consisted of 40 genotypes 
of barley (Hordeum vulgare L.) collected from C.S. Azad University of 
Agriculture and Technology, Kanpur . 
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Annexure-i : 


List of genotypes 


RD-2684 


K-273 


Jagrati 16 


K-370 


K-729 


BEU-73 


K-341 


K-603 


K-683 


K-792 


K-169 



Details of ^^environments in both U 


Environments Sowing date 


Brahmanand Mahavidyalaya, Rath 


Normal 


II Normal 


III Late 


e 


Attarra Degree College, Attara, Banda 


Normal 


Normal 


Late 


IV Late 


K-1149 

31 

K-551 

32 

K-790 

33 

Lakhan 

34 

K-804 

35 

RD-2035 

I 

36 

K-318 

37 

K-1155 

38 

K-789 

39 

K-633 

40 

locations : 



K-791 


K-794 


Amber 


K-675 


K-508 


3 


DL-65 


D 


Fertilizer dose 


Normal 


Low 


Normal 


Low 


Normal 


Low 


Normal 


Low 













































































3.3 OBSERVATION RECORDED 


Observations were recorded on 3 randomly selected competitive 
plants from each accessions. 

3.3.1 Days to 50 % flowering 

Total number of days from date of sowing to emergence of flowers 
in 50 % plants were recorded. 

3.3.2 Days to maturity 

Number of days from date of sowing to 75 per cent maturity were 
recorded. 

3.3.3 Plant height (cm) 

Height of the plants was measured in centimeter from base of soil 
to top of the plant prior to harvesting of the crop. 

3.3.4 Number of tillers per plant 

Total number of effective tillers were counted from all selected 
plants and averaged. 

3.3.5 Length of the ear (cm) 

Length of the three randomly selected ears from each plant was 
recorded in centimeter and averaged. 

3.3.6 Number of spikelets per ear 

Total number of spikelets in ear were counted from all selected 
plants and averaged. 
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3.3.7 Number of seeds per spike 


Seeds of three randomly selected ear from each plant were 
counted and averaged. 

3.3.8 Grain yield per plant (g) 


Ears of each plant were tiireshed separately and total weight of 
seeds of all the selected plants was recorded in grams and 
averaged. 

3.3.9 1000-grain weight (g) 

One thousand seeds were counted from bulk sample of each 
replication and their weight was recorded in grams. 


3.3.10 Biological yield per plant (g) 

The totaf^ant weight IncludeJstraw grain 




■A. 




c was 


considered as the totai biological yield per plants in grams. 


3.3.11 Harvest index (%) 


The harvest index is the ratio of grain yield to the total biological 
yield and was computed by the formula. 

Harvest Index = per plant _ ^ 

Biological yield per plant 


3.3.12 Quality Characters 
3.3.12.1 Malt percentage 


For malting process^ lOOg barley (Wi) samples were taken for 
malting and the process of estimation was completed in the following 

H n 

three stages, procedure followed for malt estimation J/ 




d 
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steeping 


The grain sample was steeped in water for 10-12 hrs at 18°C 
temperature to raise the moisture content up to 40-45 percent. In the 
second phase i.e., after 24 hrs. of germination process again the samples 
were steeped for 4-5 hrs. 

Germination 


The samples were allowed to undergo the germination process for 
96 hrs at 15°G, to obtain the suitable malt modification i.e. the hydrolysis 
of the endosperm starch to sugars (Maltose and Fructose). The growth of 
plumule was taken as an indicator to stop the germination process. 


Kilning 


j>roo 






The samples after germination cycle^were gradually^ kilning to dry 
the malt (bringing down the moisture content from 40-4^% to 4.5 to 5.0%). 


The kilning process was completed In 24-28 hrs liradually raising the 
temperature from 30 to 80 C, so as to completely dry the sample (Wi). 
The fragile dry roots were separated and remaining gramlar malt was 
weighed (W 2 ) in grams. The malt yield was calculated as 


MY (%) 



X 100 


3.3.12.2 Starch percentage 


Principle 


Starch is extracted with perchloric acid after removal of sugars by 
extracting the sample flour with hot 70 perl^nt alcohol. In hot acidic 
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medium starch is hydrolysed to glucose dehydrated to hydroxymethyl 

/ 

furfural. This compound when reacts with anthrone, forms a green colour. 


Procedure 

(i) Extract oven dried sample flour (100 mg) with hot 70 pejcent 
ethanol. Centrifuge and retain the residue. Wash the residue with 
70 peijjent hot ethanol. Dry the residue. 

(ii) To the residue add 5.0 ml of water and 6.5 ml of 52 petjcent 

I 

perchloric acid. 

(iii) Shake the content for 5 minutes^ centrifuge and collect the 
supernatant. 

(iv) Repeat the extraction using 5 ml fresh perchloric acid for 10 
minutes and centrifuge to collect the supernatant. 

(v) Re-extracted the pellet using 5 ml fresh perchloric acid and shake 
for 30 minutes. 

(vi) Pool the superntants and make up the volume to 100 ml with 
water. 

(vii) Take suitable aliquot for glucose estimation. Add 5 ml of anthrone 
reagent. Heat on boiling water bath for 10 minutes. 

(viii) Cool rapidly and read the intensity of colour formed at 620 nm. 


(ix) Find out glucose content using the standard curve. Multiply the 
value by a factor 0.9 as 0.9g of starch yields 1g of glucose on 
hydrolysis. 
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3.4 STATISTICAL ANALYSIS 


The statistical analysis was carried out for different traits recorded 
at different growth stages of genotypes. Estimation of mean, variance, 

coefficient of variation, heritability and genetic advance was done as per 

S/z.’nirS' 0 , 1 . 

method^described by different s^c^n given bel(w. The stability 
analysis was carried out in accordance with Eberhart and Russell (1966). 

3.4.1 Analysis of variance (ANOVA) 

Differences/ shown by the treatments (genotype) for various 
characters were tested for significance by using analysis of variance 
(ANOVA) technique. 

Analysis of variance table 


Source of 
variance 

d. f. 

MS. 

Expected 

M.S. 

A, 

F 

Replications 

(r-1) 

Sr 


MSr/MSe 

Treatment 

(t-1) 

St 

3 

M^t 

MSt/MSe 

Error 

(r-1)(g-1) 

Se 



1 

Total 

(rg-1) 





Where, 


r = 

Number of replications or blocks. 

t 

Number of treatments or genotypes. 

s 


M^t = 

Variance due to genotypes. 

S 


Mir = 

Replications variance 

S 

Mfe = 

Error mean square 


35 



3.4.2 Parameters of variability 


3.4.2.1 Mean (X) 

The mean value of each character was worked out by dividing the 
totals by corresponding number of observations. 

- sx. 

X = — ^ 

N 

Where, 


Xy = any observation in i*^ genotype and f' replication. 

N = total number of observations. 

3.4.2.2 Range 

Lowest and highest values for character were recorded. 

3.4.2.3 Standard Error 

Standard error of difference of two means was calculated with the 
help of error mean square from the analysis of variance table. 


Standard error {m±) = 


V2EMS/^ 


Y 


Where, 


EMS = error mean sum of square. 


r= number of replications 
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3.4.2.4 Critical Difference (C.D.) 


Critical differences for all the characters were calculated to 
compare the treatment means. Critical differences were calculated with 
the help of standard error for the differences of two means and tabulated 
value of ‘t’ at 5 peij^ent level of significance and at error degree of 
freedom. Critical difference (C.D.) = SEd x t at 5 percent probability at 
error degree of freedom. 

3.4.2.5 Coefficient of Variation 

Genotypic and phenotypic coefficients of variation were estimated 
by the formula suggested by Burton and De Vane (1953) for each 
character as : 

Genotypic coefficient of variation (GCV) = x 100 


Phenotypic coefficient of variation (PCV) 



xlOO 


Where, Xis the mean of that particular character and Vg and Vp are the 
genotypic and phenotypic variance, respectively. 

3.4.2.6 Heritability in broadsense 


Heritability in broad sense was calculated according to the formula 
suggested by Allard et a!., (1960) for each character : 


H = -S- X 100 
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3.4.2.7 Genetic advance expressed as percentage of mean 

Estimates of appropriate variance components were substituted for 
the parameters to predict expected genetic gain as suggested by Allard 
(1960). The expected genetic advance was calculated at 5 pefbent 

I 

selection Intensity for each character as : 

GA = (k) (o^p) (H) 


GA 

Genetic advance (% of mean) = x 100 

X 


Where, 

L 






Selection differential the value of which is 2.06 at 5% 
selection intensity. 


H 


Heritability in broad sense, and 


a^P 


Phenotypic standard deviation and 


X 


Mean value for that character over ail the genotypes 


3.4.3. Correlation Coefficient Analysis 


Correlated characters are of Interest to find out the genetic causes 
of correlation through the pleiotropic action of genes to know how 
seledion for one character will cause simultaneous change in other 
characters and to find out correlation between character and fitness. 

Phenotypic ’r (p)’ correlation coefficients for all possible pairs of 
characters were calculated from the already obtained variance and 
covariances according to Johnson et a/., (1955). 

The phenotypic correlation was measured by 
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CT (p) = 


tlxY (P) 

(P) X (p) 


Where, 

^xY (p) = Phenotypic covariances between character X and Y 

(p) = Phenotypic variance of character X 

cf Y (P) Phenotypic variance of character Y 

The phenotypic correlation coefficients were tested against 
standardized tabulated significant value or ‘r’ with degrees of 
freedom as per the procedure described by Fisher and Yates (1963). 

3.4.4. Path Coefficient Analysis 

The correlation coefficients were used to work out path coefficient 
analysis. The estimates of direct and indirect effects of various characters 
were calculated through path coefficient analysis. Path coefficients were 
obtained according to Dewey and Lu (1959). A set of simultaneous 
equations in the following form were solved. 

= p.y + r .2 Py, + r „3 P 3 , ■•-+ P,y 

Where, 

rny = Correlation coefficient of one character and yield 

Pxy = Path coefficient between the character and yield. 

rn 2 , rn 3 ....rnx = Represent correlation coefficient of the character and 
each of other yield components in turn. 
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The following correlation matrices were formed ; 


Matrix A 

: 

Matrix B 

fly 

1 ri2, ri3 rin 

ray 

1 r23 .■.■r2n 

rsy 

1 Tan 

^ny 

1 


The technique given by Goulden (1954) was followed for inversion 
of (B‘^) of B matrix. 

Path coefficients Pjy were obtained as follows : 

Pj,= (B-’)x(A) 

The indirect effects for a particular character through other 
characters were obtained by multiplication of direct path and particular 
correlation coefficient between these two characters, respectively. 

Indirect effect = Hj X Piy 
Where, 

i = 1 ......n 

j = 1...........n 

Pjy ® Ply’Pzy Pny 

Hj = Correlation between two independent characters 

The residual effect i.e. the variation in yield unaccounted for those 
associated was calculated from the following formula : 

Residual effect (X) = 
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Where, 


R" = P,y r,y + P,^. + + P„y r„y 

R^, is the squared multiple correlation coefficient and Is the 
amount of variation in yield that can be accounted for by the yield 
component characters. 

3.4.5 Phenotypic Stability Analysis 

The mean values recorded for different characters in respect of 40 
genotypes in 8 environments as well as pooled over the environments, 
were used for analysis of variance for phenotypic stability. The methods of 
stability analysis used in this investigation followed the two approaches 
suggested by Eberhart and Russell (1966). The model used in these two 
different approaches are as follows ; 

3.4.5.1 Eberhart and Russell model (1966) 

The approach is purely statistical one. The following model can be 
used to describe the performance of a variety over a series of, 
environments. 

u- 4- B 1 + 5 - 

= The variety mean of the i^’ variety at the 
environment 

(Where, i = 1,2 g;j = 1.2,.. ..b) 

p. = Grand mean of the i* genotype over ail the 
environments 


Yy = 


Where, 


Yy 
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Bi = Regression coeffident that measure the linear 

response of the genotype to varying environments. 

Ij = Environmental index obtained as the mean of the 

genotype at the j“' environment minud's the grand 

mean, /.a, 

ij “(z...Y,/g) -(2:,2;iY,/gn) 

Where, 

5ij = is the deviation from regression slope of the i* 

genotype in f' environment 

g = Number of genotypes 

n = Number of environments 

In this approach the model provides a mean of partitioning the 
genotype x environment interaction into two parts., viz., 

1 . The variation due to the linear response of the genotype to varying 
environment indices (sum of square due to regression). 

2. The unexplainable variations from the regression on the 
environmental index (S^ di). 

With this model, the sum of square due to environment and 
genotype-environment interactions are partitioned into environment 
(linear) and deviation from regression. 
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Analysis of variance for joint regression analysis as per model of 
Eberhart and Russeli (1966). 


Source of Variation 

d.f. 

Sum of square 

J 

MS 

Genotypes (G) 

g -1 


Qgjjjl 

Environment (E) 

n-1 


H 

GxE 

(g-1)(n-1)g(n-1) 

SrEiY|-aY?/n 


E (linear) 

1 



GxE (linear) 

g-1 

El (E YjljEi'l -Env.(L)SS. 

MSz 

Pooled deviation 

g (n-2) 

2, Zj 5? (VSS-Regr as.) 

MSa 

Genotype-1 

n-2 

IEjY? -(Y.y/n]-^iY, 1,)/Z,1' 


Genotype-g 

n-2 

lEi Yj-(Y,)=/n]-|Z,Y^l,]^/Z,l! 

n 

Pooled error 

n(g-1)(r-1) 


m 


Where, 


r, n and g indicate the number of replications, environments and 
genotypes, respectively. S^e is the mean square due to pooled error 
which were calculates as : 

= (g-l)n]/r 

Where, 

Sj = error sum of square at the location Test of Significance. 

I. The significance of difference among the genotype means i.e. 
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Ho : = H2 = 


Can be tested by the ‘F’ test. 

‘F = MS1/MS3 

II. The hypothesis that there are no differences among genotypes for 
their regression on the environmental index. 

Ho : bi = bz = bg 

Can be tested approximately by the ‘F’ test 

‘F’ = MS2/MS3 

J-'Tu- 

Note : MS 3 was tested against S^e. IN^ase MS 3 was non-significant, S^e 
and MS 3 were pooled to test the remaining sources of variation. 

3.4.5.1.1. Estimation of stability parameters for individual genotypes 

The stability parameters of individual genotypes were calculated as 
suggested by Eberhart and Russell (1966) which are described below : 

A. Mean (p) 

The mean value of i^'’ genotype over all the environments was 
simply calculated by taking the mean of the genotype over all the 
environments i.e. 

p Yy/N 

B. Regression coefficient (bf) 

The coefficient of regression (b,) of the performance of each 
genotype In various environments on the environmental indloes over all 
the genotypes under study was calculated as : 
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C. Deviation from regression (S^di) 

The deviation from linear regression (S^di) was calcuiated as given 
below : 

S=di = |2j (d?/(n-2)l-S"e/r 
Where, 

S^e/r = the estimate of pooled error (or variance of a variety mean 
at the location) and 

2i <1.5 ISi Y, /Ei 'I 

3.4.5.1.2 Test of significance 

1. Testing of bj 

The hypothesis that any regression coefficient does not differ from 
unity is tested by appropriate ‘t’ test. 

'f = (bj -l)/SE(bj) at (n-2) di. 

^MS. due to pooled deviation of i* variety 
S.E. (bj) = ^ j2 

Where, 

M.S. due to pooled deviation of l‘^ variety = d§ / n- 2 with n-2 d.f. 

2. Significance of deviation from regression S^di was tested by 
calculating ‘F’ value. 

'F =(j;j5,5/n-2)/S'eat(n-2) and n(r-l)(g-l)d.f. 
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Chapter-4 


EXPERIMENTAL FINDINGS 


The success of any breeding programme depends on the magnitude of 
genetic variability present in the populations which leads to effective 
selection. It is imperative to assess the relative magnitude of components 
of variability, heritability, genetic advance' and the extent of character 
association among grain yield and its component characters»Very 

little attention is given on these aspects in barley and therefore^ present 
investigation was undertaken to assess different parameters of genetic 
variability and the extent of character association between grain yield pep- 
pi^lSi^nd Its components characters . 

4.1 ASSESSMENT OF VARIABILITY 

The results pertaining the analysis of variance (ANOVA) for 13 characters 

In 40 genotypes of barley {Hordeum vulgare L.) foriaetelbe:^ieac8-are given v'/WS J 

P. I 

In Table-1. ANOVA revealed that the mean sum of squar^(MSS) due to 
treatmen^were significant for twelve traits in environments I, 111, IV, V, VII 
and VIII as well as in pooled analysis (Table-2) in environments II and 
VI mean squar^MSS) due to treatment^ere significant for all the thirteen 
traits, Indicating the presence of considerable genetic variability in the 
genotypes under study. 

4.1.1 Mean performance and range of variability 

The results of mean performance for 13 traits of 40 genotypes of barley 
have been presented in Table-3 to ll.whefeas results regarding ttie 
phenotypic coefficient of variation (PCV) and genotypic coefficient of 
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Table-1 Contd. 





















































Souroe D.F. Days to Days to Plant No. of Ear No. of No. of Grain 
flowsring maturily height tillers length spikelets seeds per yield per 
(cm) per plant (cm) spike plant 



78 11.61 I 18.17 17.74 | 0.12 

SIgnJficant at S and 1 % levels, respectively. 
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variation (GCV) are given In Table 12 and 13, respectively. These results 
are reviewed'tiere under^Qharact eFwjs e) 

1 . Days to 50 per cent flowering 

The range of this trait recorded for earliness (85.00 days) In K-370 in 
environment-lV and for late flowering in Jyotl (103.00 days) in environment- 

IV 

11 and K-273 (103.00 days) in environment-VUThe trait days to 50 per cent 
flowering showed wide range of variation and some accessions were 
observed for their stable performance across the environments. However, 
in pooled analysis accession K-252 was found early (88.18 days) and 
K-141 was late in flowering (100.03 days) as compared to grand mean 
94.53 ±2.620. 

Regarding phenotypic coefficient of variation (PCV) and genotypic 
coefficient of variation (GCV), the^CV (4.81) and GCV (3.49) was found k> W. 

higher for this trait in environment #^and lower PCV (4.25) in environment- 

0' 

■ 

VII and lower GCV (2.59) ^ environment^VI. Pooled analysis showed that 
this trait had the little difference between PCV (4.64) and GCV (3.14). 

2. Days to maturit y 

Accession K-633 was earliest in maturity (108.50 days)(m^vlronment-liy 
^'anJ ao^sion found late In maturity (133.34 da^)(inh 


/ 


(^nvironment-VI./ On the basis of pooled analysis, early maturity (117.28 
days) was observed for accession K-633 followed by Vijaya (120.41 days) 
and Jagrati (120.80 days), while late maturity was observed in K-783 
(129.12 days). The general mean (124.33 ± 3.423) recorded 
^*^^i^^cient magnitude of variability^ys to maturity. 
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The £V6^ ranged from 3.41 in environment-VJ to 4.34 in 

^'V-v*,' h‘C 

empowerment-ill, while the values of GCV ranged from 0.45 in 


environment-ll to 2.66 in environment-IH. In pooled analysis, the 
GCV recorded as 2.19 and PCV 4.04. The values of PCV were 
higher as compared to GCV showing the influence of the environment 
oh the character. 


3. 


Plant height (cm) 


The minimum plant height (100.28) was observed In genotype BH-851 in 
environment-ill, while maximum plant height (123.17) was recorded for 
genotype Jagrati in environment-VI. In pooled analysis, K-784 showed 
minimum plant height (103.24 cm) while maximum plant height (117.02 cm) 
was recorded for Jagrati. The general mean was 109.58 ± 3.124 which 
indicated that the plant height had the wide range of variation and some 
accessions showed consistent performance across the environments. 


The maximum PCV (4.81) in environment-V and GCV (3.14) 


ohsa^iiSS in environment-l and II while minimum PCV (4.22) and GCV 


(2.25) was recorded In environment-VII. In pooled analysis, the values of 
PCV (4.71) and GCV (3,12) are comparable means ‘that trait was less 

A-"' ^ 

affected by the environment. 


4. 


Number of tillers per plant 


The maximum number of tillers per plant was produced by the genotype K- 


784 (13.50) and minimum (6.00) by K-341 in environment-Vl and HI, 
respectively. Pooled analysis of all the eight environments over two ' 


indicated that the maximum tiller number per plant (11.83) was produced 
by the genotype K-784 and minimum (7.31) produced by the genotype 
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Vijaya. The genotype K-791 (11.62). K-252 (10.70) and K-141 (10.65) 
were also identified as high tiller producing genotypes. The grand mean 
for this trait (9.37 ± 0.258), indicated the existence of variability for this 
trait and some accessions had better performance over the wider range 
of environments. 


The number of tillers per plant had higher values for both PCV 
(15.50) and GCV (15.15) in environment-1 and lower values (13.7% and 
^13.27) in environment-VIII. In pooled analysis .the values^of PCV (^13.10) 
and GCV (12.64) are almost in same range indicating the variabitity xlueio 
gi^type and thus the selection can be reliable for this trait. 


5. 


Ear length (cm) 


The genotype Manjula produced longest ear (10.37 cm) in environment-Vl 
and genotype K-252 produced shortest ear (6.72 cm) in environment-ill. On 
the basis of pooled analysis, genotype Manjula was found ^cMongest ear 
length (9.57 cm) and K-273 produced shortest ear (8.24 cm). The general 
mean re^S^d for this trait was 8.82 ± 0.238. 


Across the environments, it was seen that the ear length in 
environment-ill hadj^maximum PCV (6.61) and GCV (5.57) and 

minimum value of PCV (4.70) in environment-1 and GCV (2.98) in 

«^Xvo 

environment-VI. In pooled analysis it showed differences in values of 


h 


PCV (4 43) and GCV (2.83). 


6 . 


Numtmr of spikeiets per ear 


The maximum number of spikeiets per ear (79.67) was produced by 
genotype Amber and K-675 in environment-VI and minimum (43.17) by 
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K-409 in environment-IV. However, in pooled analysis the maximum 


number of spikelets per ear (71.60) was produced by the genotype K-318 ^ 


followed by Amber (71.19), K-1155 (70.60) and K-141 (68.42) and the 


minimum number of spikelets per ear was produced by the genotype Vijaya 
(51.74) with the grand mean 62.89 ± 1.791 which showed the' sufficient 

ii< ' 

variability for this trait. 

1:^1 

The value of phenotypic coefficient of variation is higher (11.08) 


in environment-VIII and lower (8.74) in environment-ill, while GCV was 

|h 

higher (10.56) in environment-lV and lower (7.13) in environment-VlL 

IIH 

in pooled analysis, number of spikelets per ear showed higher value of . 

p,|Pp|i;|'' 

PCV (7.21) than GCV (6.29) indicating the role of environment in 

g»tji/i';|:v ', 

l:fci^'.' ' '. 

expression of this trait. ^ 


7. Number of seeds per spike 

n 

The number of seeds per spike ranged from 40.1 1 (Vijaya) in environment- 

IV to 73.30 (K-141) in environment-VI. The character showed wide i 


spectrum of variability across the environments. In pooled analysis the 


genotype Amber produced maximum number of seeds per spike (67.21) f . 

followed by K-783 (63.05), K-1155 (6169). While genotype Vijaya produced j ; 


minimum number of seeds per spike (49.63). The grand mean recorded for T j 

this trait was 57.15 ± 1.592. ^ 

Bi'i;l. '■ : ' ■ 

Rl'-''. 

■il -t": . ' 

fc-5 

PI ^ 

High value of PCV (9.12) and GCV (8.40) was recorded for number . ij ' 

of seeds per spike in environment-l^ while low value of PCV (798) and • t^^|P||||| 

GCV (7.09) in environment-VI. In pooled analysis, PCV (8.01) and GCV : ; 

(7.22) showed Consistent per^^ 




50 



8 . 


Grain yield per plant (g) 


The highest grain yield per plant was recorded for genotype Amber 
(14.85g) in environment lowest for genotype Jagrati and K-551, (1.55 g) in 
environment-ill. On the basis of analysis the mean value for grain 

yield per plant was observed ^ghest in BH-851 (12.80g) followed by 
Lakhan (12.18g), K-791 (12.07g), K-678 (12.05g) and K-675 (l2.03g) 
whereas the genotype K-603 (9.13g) recorded lowest grain yield per plant, 
indicating the prince of arnpl^erietic variability in experimental material 

for this trait and general mean was 1 1 .03 ± 0.298. 

A-- A' 

Grain yield per plant had high value of PCV (11.70) and GCV 
(11.52) in environment-lV and 111, respectively while, low value of PCV 
(8.47) and GCV (7.85) in environment-VI. The same trend of PCV (8.54) 
and GCV (7.80) was observed in pooled analysis indicating the role of 
genotype than environment. 


1000-grain weight (g) 




1000-graln weight was maximum in genotype K-790 (32.86) 4fl- 


environment-VI and minimum for genotype RD-2684 (23.00) Tre 
environment-ill. While In pooled analysis the highest 1000-grain weight was 
observed in genotype PL-781 (31.26) and lowest (25.06) for ^^notype 
RD-2684 with^grand mean of^7.64 ± 0.75^represent the presence of 
high variability for this trait. 


The higher values of. PCV (965) and GCV (8.98) were observed for 
1000-grain weight in environment-1 and lower values of PCV (8.28) and 
GCV (7.52) were found in environment-Vlll. Pooled analysis showed that 
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4 












the 1000-grain weightperf9m^-eonstste!% across the environments which 
means that it was less affected by the environment. 


1 0. Biological yield per plant (g) 




The highest biological yield per^lant was observed for genotype BH-851 
(34.23) in environment-Vl and lowest biek^jcaHri^ for g^^otype Jagrati 
(1700) in environment-111. The data of all the environments over two ' 
revealed that the maximum biological yield per plant was noticed in 
genotype K-341 (38.12) and minimum for Jagrati (20.86). These results 
indicat€f|fhe presence of wide range of variability for this trait, while some 
genotypes showed their better performance across the environments. The 
general mean of this trait was 26.80 ± 0.776. 


High values of PCV (10.90) and GCV (10.31) were observed in 
environment-l while the lower values of PCV (8.62) and GCV ^Pwere found 

<S ^ 

^Tv'jffenvironment-VI. On the basis of pooled analysis biological yield per plant 
had the intermediate values of PCV (9.30) and GCV (8.58). 


1 1 . Harvest index (%) 


The maximum harvest index (55.27) was found in genotype Lakhan and \'^ 
minimum in genotype K-1 41 (30.49) in environment-Vl and IV, respectively. 

The pooled analysis showed the maximum harvest index (48.10) in 
genotype Jagrati and minimum (34.47) for genotype K-603 with grand 
mean 42.04 ± 1 .094 showed presence of sufficient variability for this trait. ^ 

The maximum values of PCV (12.09) and GCV (11.72)^ere 
recorded in environment-Vlll and minimum value of PCV (10 76) in 


52 



environment-ll and GCV (9.66) in environment-V. Pooled analysis revealed 
that the harvest index had lower values of PCV (8.90) and GCV (8.30). 


12. Malt percentage 


Malt percentage was found high in K-252 (86.27) in environment-VIII and 
low in Amber (74.03) in environment-lll. As per pooled analysis the 
genotype Jagrati (83.88) was found superior in malt guality followed by K- 
370 (83.13), K-729 (82.92), K-804 (82.80) and RD-2035 (82.68). The 
genotype Amber produce minimum malt percentage (77.73) which is below 
the mean sp ^ 80.92 ± 0.915 indicating the high order of variation 
present for this trait in the genotypes. 

For malt percentage the highest values of PCV (3.79) and GCV 
(2.94) were found In environment-V while lowest values of PCV (2.95 and 

Ky 

GCV (2.15) in environment-11 and VI, respectively. Whereas, in pooled 
analysis the minimum differences in the values of PCV (1.77 and GCV 
(1 .07) showed low effect of environment on this trait. 


13. Starch percentage 


Among all the environments, the highest percentage of starch was found in 
genotype K-370 (79.71) in environment-IV and^west in genotype K-1155 
(50.78) in environment-ljOn the basis of pooled analysis, genotype K-370 
(64.87) was found best for starch percentage followed by K-1155 (60.31) 
and K-804 (60.02). The minimum starch percentage was observed In 
genotype K-341 (57.17) whtch- v^s b e low-te general mean 58.69 ± 0.696. 


It is clear from Table-12 and 13 that ttve higher values for PCV 
(6.40) and GCV (6.29) were observed in envIronment-lV and lower values 
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of PCV (2.18) in environment-ill and GCV (1.50) in environment-V. 
However, in pooled analysis, starch percentage exhibited lo\Arer values of 
PCV (1 .98) and GCV (1 .32). 

n vj phenotypic coefficient of variability (PCV) were 

■m^r to the corresponding genotypic coefficient of variability (GCV) fecall 
the-j^^rsfts*" (Table- 12 and 13), showing the presence of environmental 
influence^ for these characters. The high estimates for both PCV and GCV 
were obtained for tiller number per plant, biological yield per plant. 1000 
grain weight, harvest index, grain yield per plant, number of seeds per 
spike, and number of spikelets per ear indicating jt^^the presence of 
ample genetic variability in the experimental material for these characters. 

4.2 HERITABILITY ESTIMATES 








Heritability and genetic advance are important selection parameters, 
because heritability helps the plant breeder in selection of elite genotype 
from genetically diverse population. Heritability estimates along with 
genetic advance are normally more helpful in predicting the gain under 
selection than heritability estimates alone. In the present investigation, 
results of estimates ^ hariti^nity 

h" 


indicated that highest heritability was recorded for 

harvest index (99.40%), followed by starch percentage (96.60%) and grain 
yield per plant (OO.TO^Among^'Qtho r b riW^nm e nt s; tiller number per plant 
(95.60%) in environment-V, number of spikelets per ear (90.40%) in 
environment-VIII, biological yield per plant (89.30%) in environment-1, malt 
percentage (88.30%) in environment-IU, 1000-grain weight (87.40%) in 
environment-V and number of seeds per spHce (85.20%) in environment-V 
showed high heritability estimates. Whereas, moderate heritability 
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estimates were observed for ear length (58.30) In environment-VlII, days to 
flowering (52.70%) and plant height (44.40%) in environment-1. The low 
heritability estimates were recorded for days to maturity (36.30) in 
environment-VIII. Pooled analysis indicated the higher heritability estimates 
for tiller number per plant^ (93.30%), harvest index (87.00%), 1000-graln 
weight (85.70%), biological yield per plant (85.10%), grain yield per plant 
(83.40%), number of seeds per spike (81.20%), number of spikelets per ear 
(76.20%), malt percentage (72.72%) and starch percentage (68.56%). 
Similarly moderate heritability estimates for days to flowering (45.80%), 
plant height (44.00%) and ear length (40,90%). However, only one 
character /.e., days to maturity had low heritability estimates (29.30%) 


4.3 


GENETIC ADVANCE 


The high broad sense heritability alone is of little use in predicting the 
breeding values of any trait (Jhonson ef a/., 1955). It was suggested 
(Panse, 1957) if heritability were large a function of additive gene effects, it 
fd be associated with high genetic advance because heritability in 
broad sense alone Is not sufficient to Indicate the fixable portion of 
variability present in any population. 


The highest genetic advance was observed for number of spikelets 
per ear (12.14) in environment-VIII, while harvest index (9.84) in 
environment-VIII, number of seeds per spike (9.01) in environment-l, starch 
percentage (7.54) in environment-IV and biological yield per plant (5.12) in 
environment-1, showed moderate estimates of genetic advance. Other 
character like days to flovi^ring (4.90), plant height (4.66) in environment-1, 
1000-grain weight (4.71) in environment-V, malt percentage (4.37) In 
environment-IH, days to maturity (3.60) in envIronment-VIl, tiller number per 
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Table-15 : Genetic advance for 13 characters of eight environment and pooled analysis in barley. 

























































































plant (2.94) in environment-VI, grain yield per plant (2.23) in 
environment-IV and ear length (0.79) in environment-lit had low genetic 
advance^On the basis of pooled analysis *-was-ebsewed”i}^ the high 

I -X I J -Xi I ■ I . 

heritability coupled with high genetic advance for number of seeds per 
spike, number of spikeiets per ear and harvest index. However, plant height 
(4.67), 1000-grain weight (4.39), biological yield per plant (4.37), malt 
percentage (4.16) and ch^i^^^r days to flowering had moderate genetic 
advance (4.14). While low genetic advance was observed for starch 
percentage, days to maturity and tiller number per plant.^The genetic 
advance as percentage of mean 

Table-1 5^hat the character^ number of tillers per plant (28.06) 
wh|£b-waWew«4R*^©fed=ana^ie'WR©reas-Ghara(ctep8 biological yield <^r 


4.4 CORRELATION STUDIES 


ta-p resent iiw e stig a tioR r' the results of correlation coefficienl^for thirteen 
traits are presented in Table-16 to 24.^n general^ the magnitude of 
genotypic correlation coefficient was higher than the phenotypic 
correlation coefficie nt g . 

1. Days to 50 % flowering 


^yyrvifi--k 


Days to 60 % flowering showed highly significant correlation number of 

K : , ' ' ' 

seeds per spike (0.454 and 0.443) in envIronment-A/ll and VIII roopoetwel y ; 
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** Significant at 5 and 1 per cent levels, respectively. 


















Tabi0-17 : Phenotypic correlation coefficient of 1 3 characters in barley at environment -H. 



Significant at 5 and 1 per cent levels, respectively. 




Significant at 5 and 1 per cent levels, respectively. 





























Significant at 5 and 1 per cent levels, respectively. 





















Significant at 6 and 1 per cent levels, respectively. 






























































Significant at 6 and 1 per cent levels, respei 



















































while it had significant correlation jwith plant height (0.395) in environment- 
III and ear length (0.378 and 0.36!environment-VI and V!l rei^TOfe»ly: The ^ 
pooled analysis also showed the positive significant correlation with ear 
length (0.395) and number of seeds per spike (0372) , 


Days to maturity 


Days to maturity had positive^ignific^ ^rr^lation with biological yield per 
plant (0.336) in environment-1 V, while highly significant negative correlation 
with plant height in all the environments except environment-11 and-VI. Xto 
pooled analysis it showed positive significant correlation with number of 

Nw- 

spikelets per ear (0.376) and negative w i rf ear length (-0.387^aiw^ hiqhlv 


spiKeiets per ear and negative w ith ( ear length (- 0 . 387 )j 9 iw^ highly 

significant negative correlation with plant height (-0.534)iVt4^ s L 

3. Plant height (cm) 

The character plant height had highly significant and positive correlation 
with ear length in environments-IV and VIII (0.562 and 0.478) and found 
significant at-Snaeis-eenUa^el in environment-ll and III (0.382 and 0.350, 
respectively). Whereas, it had negative significant correlation with tiller 
number per plant in environment-ill (-0.327), grain yield per plant -0.339, - 
0.326, -0.328 in environments-ll. III, VI, respectively; biological yield per 
plant in environment-ll (-0.348), V (-0.331) and VI (-0.339), number of 
spikelets per ear (-0.351) in environment-ill. Pooled analysis revealed that 
the plant height exhibited positive and highly significant correlation with ear 
length (0.453) but negative with grain yield per plant (-0.373) and biological 
yield per plant (-0.349). 




I 
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4. 


Number of tillers per plant 


Tiller number per plant showed positive significant correlation with grain 
yield per plant in environments-ll, III, |V, VI and VII with the values (0.386, 
0.359, 0.358, 0.378 and 0.341, respectively). In environment-ill and IV, it 
had also positive significant correlation with biological yield per plant (0.331 
and 0 346, respectively), Pooled analysis revealed that the tiller number per 
plant positively and significantly correlated with grain yield per plant (0.356) 
and biological yield per plant (-0.349), 

5. Ear length (cm) 

The ear length exhibited positive^ignificant correlation with grain yield 
per plant(0.379, 0.344)in environment-l and V. On the basis of pooled 
analysis the ear length /le^s not have significant correlation with any 
other characters. 

6. Number of spikelets per ear 

The number of spikelets per ear had highly significant positive correlation 
with number of seeds per spike In environment-! (0607), III (0.444) and VII 
(0.446) and biological yield per plant in environment-lll (0.543) and VII 
(0.514) while It had significant association y^id per plant in almost all the 
environments «s»fient-!V and with number of seeds per spike and 
biological yield per plant in environment-ll, V and VI. Negative and 
significant correlation was observed between number of spikelete per ear 
and malt percentage in environments-ll, III and VII. The pooled analysis 

also showed positive and highly significant correlation with number of 

A-' 

seeds per spike (0.432), and biological yield per plant (0.479)^whereas it 
had significarrt positive correlation grain yield per plant (0.378). 
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7. Number of seeds per spike 

character number of seeds per spike exhibited positive and highly 
significant correlation with biological yield per plant in environment-1 (0.597) 
and V (0.535) and significant positive correlation in environment-IV (0.326) 
and VII (0.334) and with grain yield per plant in environment-V (0399) and 
VIII (0.401), while, it had negative and highly significant correlation with 
malt percentage in environment-ll (0.352). The pooled analysis revealed 
that the number of seeds per spike had significant positive correlation 
with grain yield per plant (0.354) and biological yield per plant (0.394) 
while negative and highly significant correlation wss==slsg=$ow»d» with 
harvest index (-0.557) 

8. Grain yield per plant 

Grain yield per plant showed positive and highly significant correlation with 
number of spikelets per ear in environment-VII (0.422), biological yield per 
plant in environment-ill (0.506), IV (0.440) and VII (0.487) and with harvest 
index In all the environments, while it showed significantjDositive correlation 


with tiller number per plant in environment-ll (0.386)-^(0.359) IV (0.378) 
and VII (0.341) pr length in environment-l (0.379) and V (0.344), with 
number of spikelets per ear in almost all the environments except 
environment-IV, number of seeds per spike in environment-V (0.399) and 
VIII (0.401) and it had positive and significant correlation with biological 
yield per plant in environment-1 (0.406), 11 (0.326), V (0.342), VI (0.341) and 
VIII (0.413) and with 1000-grain weight in environnoent-V (0.391) and VI 1 1 
(0.403). Negative and significant correlation ^ grain yield per plant with 
plant height In environment-!! (-0.339), 111 (-0.326) and VI (-0.544) and 
positive significant correlation with biological yield per plant in (0.544) 
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and positive significant association with tiller number per plant (0356), 

number of spikelets per ear (0.378), number of seeds per spike (0.354) 
and harvest index (0.354). 


9. 1 0OO-graln weight (g) 


The 1000-grain weight exhibited positive and significant correlation with 
grain yield per environment-V (0.391) and VIII (0.403). But in 

pooled analysis it d^ not show significant correlation with any traits at 
phenotypic level 


10. Biological yield per plant (g) 


Biological yield per plant had positive and highly significant correlation with 
number of spikelets per ear In environment-ill (0.543) and VII (0.514), 
number of seeds per spike in environment-! (0 597) and g^’yield per 
plant in environment-IM, (0.506), IV II (0.487), besides thi^ it had positive 


and significant with tiller number per plant in environment-ill (0.331) and 
number of spikelets per ear in environment-1 (0.408), V and VI (0.336), 
number of seeds per spike in environment-IV^^fand VII (0.334) and with 


grain yield per plant in environment-1 (0.406), II (0.326), V (0.342), VI 
(0.342) and VII (0.413)^ r e epooti ¥ el» atriiiB.TNs trait also exhibited 
negative and significant correlation with harvest index in all the eight 
environments. Pooled analysis also showed the same trend of 
co rrelation oocffiei e nt : *■ 


1 1 . Harvest index {%) 


The harvest index show^ positive and significant correlation with malt ^ 
percentage (0.335) in environment-VII, and highly significanr with grain 


1 


I 






« 




■ 


r- 


P 
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yieiu pc. piani iii dii environments with the values 0.469. 0.564, 0.541, 
0.595, 0.447, 0.578, 0.476 and 0.548, respectively and negative and highly 
significant correlation with biological yield per plant in all the environments. 
Whereas, in pooled analysis, harvest index showed positive and highly 
significant correlation with malt percentage (0.443) and highly significant 
but negative correlation with biological yield per plant (-0.564), number of 

seeds per spike (-0.557) while, it had positive significant correlation with 
grain yield per plant (0.334). 


1 2. Malt percentage 


henotypic correlation 
s^pitrcant with number of spikelets per ear in environment-ll, 111 and VII 
(-0.366, -0.464 and -0.388, respectively) and with number of seeds per 
spike (-0.352) in environment-ll. However, in environment-VII it had 
positive and significant correlation with harvest index (0.335). In pooled 
analysis^ malt percentage showed positive and significant correlation 
with harvest index (0.443). 


Malt percentage exhibited 


13. Starch percentage 


At phenotypic level, it not have any significant correlation with any 
traits across the environments as well as in pooled analysis. 


4.5 PATH COEFFICIENT ANALYSIS 


Since the mutual relationships of component characters may vary both in 
magnitude and directbn and tend to vitiate the association of grain yield 
with other attributes, so it is necessary to partition the correlation into direct 
and indir^ effects of each character. This can be done by applying path 
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■i 


analysis technique proposed by Deway and Lu (1959). This technique by 
partitioning the correlations into direct and indirect effects, 
established the cause and effect relationship among the yield and its 
component characters. 

'%A-- 

^l@pp®rtitiQBiQ§.ihe phenotypic correlation coefficient of grain yield 
per plant and its components it»i8»n^essa^^^ partitiorf^heFTOffeKRten Into 
direct and indirect effects of each character. The results of path analysis 
are presented in (Table 25 to 33). 



The characters, biological yield and harvest index had significant 
positive correlation with grain yield per plant. These traits also showed the 
maximum positive direct effects on grain yield. The harvest index had the 

0.g22- N/t! ,, 

values of direct effects from :US±‘Xo in environment-#;-and 


respectively while biological yield per plant showed direct positive effects 

o.gA'iP I’/ HO 

on grain yield per plant ranging from 1^449-to 0:820 in environment-4*' Vlif 
'i 

and4lfl^f; respectively. 


Positive and significant correlation of tiller number per plant was 
observed with grain yield per plant in environments-ll. III, IV, VI and VII but 
direct effect^ of this trait was pb^efS^^low and negative Ipr environments- 
II (-0.014), III (-0.001), IV (-0.022) and VI (-0.005) indicating the 
significant correlation of these two variables was mainly due to the high 
Indirect positive effect via biological yield per plant. Similarly number of 
spikelets per ear showed significant positive correlation with grain yield per 
plant in all the environments except environment-IV, The direct effect of this 
trait was positive and low in environments-l (0.029), 11 (0.019), V (0.089), VI 
(0.139), VII (0.077) and VIII (0.063) and negative direct effect in 
environment-ill (-0.013), but It showed high indirect effects towards grain 
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Significant at 5 and 1 per cent levels, respectively. Residual effect = 0.0076 



































































Table>30 : Phenotypic path coefficient analysis regarding direct and indirect effects of 1 3 characters in barley at environment -VI. 



















































































































































TftMH32 : Phenotypic patti coefficient analysis regarding direct and indirect effects of 13 characters in barley et environment -Vlll. 
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: Phenotypic path coefficient analysis (Pooled analysis) regarding direct and indirect effects of 13 characters in barley. 


















yield per plant via biological yield per plant in and VI 

while in environnnent V, via biological yield per plant and nunrber of seeds 
per spike, in environntent VII via biological yield per plant, tiller nuntber per 

plant and ear length and In environment-Vlll via biological yieW per plant, 
plant height and number of tillers per plant. 

The character number of seeds per spike had posfflve and 
Significant correlation with grain yield per plant in environmente-V and VIII 
The direct effect of this trait was low and positive in environment-V (0.031) 
and negative in environment-Vlll (-0.036) but it showed positive high 
indirect effects via days to flowering and biological yield per plant in 
envIronment-V and via tiller number per plant and biological yield per plant 

in environment-Vlll, towards grain yield per plant. 


Thousand grain weight had positive and significant correlation with 
grain yield per plant In environments-V and VII, whilejfect effec^ of this 
trait was positive and low on grain yield per plant in both the environments 
but this trait contributed towards grain yield per plant indirectly through 
days to maturity, tiller number per plant, number of spikelets per ear and 
number of seeds per spike in environment-V and in environment-Vlll, 
■m^ctxrttmxr^ liiyhgT yy bioiogicjai y» 6 idi 3 Bri^^ 

of opHtelet s pei 


The character ear length showed positive and significant 
correlation with grain yield per plant in environments-l and V Direct effecjj^ 
of this character was ^l^ow and positive but jjef^rts indirect contribution 
towards yield per plant was via biological yield per plant and plant 
height in environment-l and via biological yieki per plant and plant height 

and number of spikelets per ear in environment-V. 
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, location8~-(^ole<J> data analysis of all the environments 

■.^(Table-33) revealed that the biological yield per plant had maximum 
positive direct effect (1.113) on grain yield per plant followed by harvest 
index (0.931). The number of spikelets per ear and number of seeds per 

significant correlation with grain yield per plant. Their 
effects were either low or negative but these traits contributed 
indirectly through biological yield per 

tiller number per plant had negative direct effect on grain yield per plant but 

■ 

correlation was positive and significant because of high indirect effect via 
biological Jeld per planU0:382). The Plart height'had low positive direct 






effects bu t - ae g a t ive indtfeot-effoei via biblogical yield per plant was hiah 




giBin-ywad-is^n^ which resulted into significant negative correlation 
between these two characters 


\lCt* 


'•ad^0 , 

aL a- contribution of residual factor in pooled analysis"(0,563)^ ■ !; ; 

* ^ phenotypic^. It indicates that thirteen characters cSriffSutea[99.68 ; ■ ' 


s cor 

per cent variability i^^xplained towards grain yield per plant. 


In general, the trend of yield contributing characters towards their 
contribution in grain yield per plant was observed to be similar in all the 
environments across location. The characters harvest index and 
biological yield per plant consistently showed high positive direct effect 
on grain yield per plant. Whereas, the characters number of tillers per 
plant, number of spikeletes per ear, number of seeds per spike had low 

direct effect but contributed towards grain yield per plant mainly through 

id,, 

biological t)er plant. 

The lOOChgrain v^«ight showed low direct effect on grain yield 


fA 






per plant but contributed towards grain yield 


via days to 
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maturity, number of tillers per plant, number of spikelets per ear, number of 
seeds per spike and biological yield per plant. The remaining characters 

showed rather negligible or inconsistency In their contribution towards 
grain yield per plant. 

4.6 PHENOTYPIC STABILITY ANALYSIS 
1.6.1 Joint regression analysis 

The pooled analysis of variance for different character is presented in 
(T able-34). The mean squares due to varieties were found significant for all 
the characters except ear length indicating the presence of sufficient 
genetic variability for these characters. The mean square due to 
environments were found significant for all the characters studied .The 
linear component due to environment also p^E^gd^ign'ificant for all 
the characters understudy suggesting the linear component of the 
environment counted for the major portion of the environment variance 
The variety x environment int^actions effect was found to be significant 
for nine characters namely, ^ys to flowering, days to maturity, plant 
height, ear length, number of spikelets per ear number of seeds per spike, 
harvest index, malt percentage and starch percentage showing the 
differential response of the varieties in eight different environments for 
these characters. 

4.7 STABILITY ANALYSIS 

The stability analysis was carried^ out using the phenotypic mean value 
across the eight environments for different characters follovring 
approach in Eberhart and Russel! (19^) model. In this model two 
parameters were estimated as : 


\ 


■ 


I '<#1 


■ 


..J' 
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: Analysis of variance for thirteen characters in forty genotypes of barley (Pooled analysis). 







































(i). Linear sensitivity coefficient (b) /.e„ regression coefficient of an 
individual mean on environments index to evaluate cultivar 


response. 


Non-linear sensitivity coefficient (S^di) i.e., mean 


miaiSi n nSrf ^ j fEi- i 


square (lirectlon 

X 


mean perforr4nce%nd ^ability parameters'f^^^^^ 

/\^ Aar--' 


presented in (Table-35) and described in the following text. 


Days to flowering 


The mean performance of the different varieties for the days to flowering 


ranged from 88.34 (K.633) to 100.03 (K-141) with 'populaSon mean of 


94.53. Out of 40 varieties^ twenty five varieties had (b=1) close to unity 
showing average response to the environments. Eight varieties had b>1 
indicating their better adaptation to favourable environments while seven 
varieties had b<1 showing the least response to the environments. All forty 
varieties had S^di = 0 indicating their consistent performance over the eight 
environments. Considering mean {<94.53), b=1 and S^di = 0, the ten 


varieties namely, Jagrati, PL-781, K-169. K-252, K-370, K-551. Lakhan, K- 
1155, K-633 and Amber were identified as desirable for earliness^^JJ'^table 


for days to flowering over the eight environments. 


2. Days to matyrity 


The mean performance of the different varieties for the days to maturity 
ranged from 117.28 (K-633) to 129.12 (K-783) with population mean 
124.33. Out of thirty five varieties twenty three varieties had b=1, close to 


unity, showir^ average performance to environments eight varieties 


had b>1 indicating their twtter adaptaion to favourable environments v\rtiile. 








■ 


I 


... 
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Table-35 : Stability analysis for forty genotypes of thirteen characters in barley. 
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Number of seeds per spike Grain yield per plant fg) 100-grain weight (g) 

Ifcwn Regression Ntean square Mean Regression Mean square Mean Regression Mean square 
X coefficient deviation X coefficient deviation X coefficient deviation 
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nine varieties had b<1 showing least response to th^ ■ 

i five varieties had S^dNO showing consistent pedorar"’"'^' ^ 
■^ht environments. Considering mean ^ 

s^di=0, the nine varieties nameiy RD-268rJagrati, PUraTSyo'J 

K.603. K-792, K-784 and Amber were identifed as desimble for ^ri 
nraturity and stabie for days to maturity over the efeht envimnments. 

3. Plant height (cml 

The mean performance of the dWeren, vaneties for the plant height ranged 
from 103.24 ,K.764) to 1 17.02 (dagrati, w«h popufotfon mean ,109 58, 

Of forfy varfetfos, twenty nine varfeti. h^ „ear to unfiy sho.ng 
average response to enwonment. F^^i^'jagrati, K-370, K.503 and 
Amber varf^ had b>1 showing their better adapfofion to favourable 
environments. While six varietfos had b<l showing foa^ msponse to the 
environmenfo. All thirty five varieties had S^dNO fodfoafing consfetent 
performance over the eight environments. Considering high mearii^ 
population mean), b=1 and S=di.O fourteen varieties namely RD.2684. 

781, BEU-73, K-783, K-409, K-1149, K-551. K.804, K.318, K-1155, K-789 
K.633, K-791 and K.675 were selected as desirable and stabte for plani ' 

height over eight environments. 

4. Numher of niters per phifit 

■ 

,,Mean perf««mance of differed varfoBes for number of tillers per plant 
ranged from 7.31 (Vijaya) to 11.83 (K-784) with populalion mean 9.37. 
Twenty varieties had b-l ciose to unity showing average response to the 
environment. Eight varieties nameiy, Jagiati, K-252, K-603, K-783, K-792, 
K-409, K-675 and K-141 had b>1, showing bettor response for fovourabie 
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environments while twelve, varietie 
the environments. Out of forty var 
consistent performance over eight e 
population mean), b=1 and S^dNO 
633, and K-794 were identified as d 
per plant over eight environment. 




5. Ear length (cm) 


^an performance of forty varieties for ear length ranged from 
to 9.57 (Manjula) with population mean.^.8^n^, varieti 
average response to environments had <b^|e ni„e variet 
Manjula, Jyoti, PL-781, K-252, K-729, BEU-73 K-792 K.633 

h>1, sho^ •avourahte environme: 

vanetres ^ JeasI responsive to the environments M 

varieties showrng consistent perfor^rrce over the eight enviror 

S^di=0. Based on high mean.^b-ra;5r^^i-o 

Ha-r ' ana djsso, seven van 

selected as desirable and stable for ear ion«»s 

^ '®”9th over eight en 

«iW!l!rK-678, Jagrati, K-784. K,409, K-551. lakha v 



of forty varieties, twenty eight varieties had S^dNo showing their consistent 
performance over eight environments. Considering high mean (> 
popuiation mean), b=1 and S^di=0, four varieties namely, BEU -73 K-784 
K.141 and K-794 were identffied as desirable and stable for number oi 
spikelets per ear over eight environments. 

7 . Number of seeds per spike 

^ean performance of forty varieties for number of seeds per spike ranged 
from 49.63 (Vijaya) to 68.23 (K-141) with population mean 57 . 15 . 
Seventeen varieties had b=1 showing average response to the 
environments. Ten varieties namely, K-678, BH-851, K-370, BEU-73 K- 
792. K-784. K-1149, K-790. K-804. K-633 had b>1 showing their better 
adaptation to the favourable environmen^while thirteen varieties namely, 
K-273, Vijaya, Jagrati. PL-781, K-262. k:^ 1. K-603. K-783, Lakhan. K- 
318, K-789. K-791, K-675 had b<1, showing least response to the 
environments. Thirty three varieties had S^dNO indenting their consistent 
performance over the eight environments. Considering high mean (> 
population mean), b^l and S^di^O six varieties namely. RD-2684, K-729, 
RD-2035, K-1156, Amter and K-141 \«^re soi^n^ as ctesirable and 
stable for number of seeds per spike over eight environments. 

8. Orain yield per plant |g) 

j/ean values^ rang^ ^om 9.13 (K^03) to 12.80 (BH-851) with population 


mean var»ltes. fa^’gwiin y i old-por pla n t . Twelve varieties 

showi^ average response to environments because these genotypes 
hpvfl% regression coeffictent dose to unity. Eleven varieties namely, RD- 
2684. Manjula, Vijaya. Jyoti, PL-781. K-551. K-790. Ldchan, K-804. K-318 


1—1 







bBBI 

mmI 

I 








and K-141 showiag better adaptation to favourable environments with b>1 
while twelve varieties narpely K-678, BH-851, K-370, K-729, K-341, 
K- 409 , K-1149, K-789, K-791, K-675 had b<1, showing least response to 
the environments. Out of forty varieties, thirty one varieties had S^di=0 
showing better performance over eight environments. Seven varieties 
stoS^wg high mean performance. b=1 and S^di = 0 ^ identified as 
desirable and stable for grain yield per plant over eight environments 
k-273. K-169, K-252, K-792, K-784. RD-2035andl^r 


9 . 1 0OO-^rain weight (g) 


The mean performance of different varieties for 1000-grain weight ranged 
from 25.06 (RD-2684) to 31.26 (PL-781) with population mean 27.64. Out 
of forty varieties, twenty seven varieties had b=1 showing average 
performance to the environments. Seven varieties namely, RD-2684, K- 
252, BH-851. K-1149. K-790, K-633, K-141 had b>1, showing better 
adaptation to favourable environments. However, six varieties had b<1, 
showing least response to the environments, .flirty five varieties 

*L- 

ipdf^jsd consistent performance over eight environments as is evident 

5 ^T'"**** 

from conay ewwg h^h mean value, b*1 and S^dNO.Ien 

varieties namely. PL-781. K-169^ K-370. K-729, BEU-73, K-341, K-603, K- 
792, K-784 and K-789, wem setecte^l as stable varfettes over eight 
environments for this trait. 


10. Biological yield per plant (g) 

value ranged from 20.85 (Jagrati) to 30.84 (K-273)wtth population 
mean 26.80 for biological yield per plant for fortyvarietm of barley. Out of 
forty varies, tww(% thrwr varieOes had b“1, showii^ average response 
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to environments. Nine varieties nameiy Vijaya, Jagiati, Jyoli K-252 BH 
851 , K-341, K-551, RD-2035.f:^ber adaptatkm to 

tovourabie environments with b>l y^vvhile, eight varieties showj^ 
least response b>1 to environments. Out of forty varieties, thirty three had 
S^dFO showing better adaptation over eight environments. Considering 
high mean value, b=1 and S^di=0, eleven accessions nameiy, K-273 PL- 
781, K-169, K-783, K-792, K,409, K-318, K-1155, K-791, K-794 and K-141 
were seresMid as desirabie varieties for biological yield per plant over eight 
environments, 



It. Harvest index 

Mean performance of different varieties for harvest index ranged from 
34.47 (K-603) to 47.82 (Jyoti) with popuialton mean 42.04,y Out of forty 
varieties, ten vaTOti^ had b*=1. showing average response to the 
environments, fourteen va^r^ies had b>1, indicating better response to 
favourable environments, ^ite sixteen varieties had b<1, showing least 
response to the environments. Only twenty four varieties had S^dNO 
showing consistent performance over eight environments. Considering 
h^h mean, b«1 and S^di»0 four varieties namely. Vpya, Jagrati, K-169 
and K-792 were idenhfied as stable varieties over eight environments 
for harvest index. 


12. Malt pereentage 

Tfe- 

Jjjfean valu^ranged from 77.72 (Ambar) to 83.87 (Jagrati) wrth^^ulation 
mean of 80.02 for malt percentage of forty varietiesi Out of fcxrty vartedes, 
sixteen varieties had b*1 . showing average response to environments. Ten 
varieties namely. Jagrati. PL-TSI. K.252, K-370, K-729, BEU-73, K-603, K- 
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784. K-409, K-791, exhibited b>1, indicating better response to favourable 
environments. While nine varieties had b<1, showing least response to 
environments. Thirty varieties had S^di=0 consistent 

performance over eight environments. Considering mean, b=1 and S^di=0 
seven varieties namely, RD-2684, Manjula, K-678, BH-851 K-7 qo 
K. 790 and K-794 were selected with high malt percentage yield over 
eight environments. 

-13. Starch percentage 

values ranged from 57.16 (RD-2684) to 64.87 (K-370)with population 
mean 58.69 for starch percentage of forty varieties. Out of forty varieties, 
nineteen varieties had b=1, showing average performance to the 
environments. Seven varieties namely, Manjula. K-678, Jagrati, Jyoti, K- 
252, K-370, RD-2035 exhibiting b>1, revealed ttieir better adaptation to the 
favourable environments, while fourteen varieties had b<1, showing least 
response to the environments. Twenty seven varieties had S^di=0 
Indicating their consistent performance over eight environments, 
considering high mean^bi close to unity and four varieties namely, 
PL-781, K-1155, K-633 and K-794 were detected as desirable and stable 
for starch percentage over eight environments. 
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Chapter-5 


discussion 


Barley (Hordeum Vulgans L.) is ar, important cereal and hardy crop of 
ancient origin, grown world wide for food, feed and forage under varying 
agro-climatic conditions such as in rainfed areas, dry lands, saline, aikaline 
problematic soils and flood prone marginal and coastal areas Barley has 
an advantage over wheat in terms of yield and quality of B glucon, soiuble 
fiber protein, lysine and malt extract, and for its cooling and soothing effect 
under limKed affords better 

price. In areas whieMte* ordj^a brief 

barley "oP- has^advantagerlnaispBBt-such as salt tolerance, frost 

tolerance^arwMdy period of devetopment, drought toleranoe etc. virith great 

adaptive potential in many regions Of the world. 

In India, barley is grown in regtons where the growing season is 
too short or the rainfall is inadequate for cultivation of other cereals. Most 
of the barley varieties have hulls and are useful for making bear or feeding 
cattle but the hulls must be removed before^the grain can be eaten by 
humans. During last few decades due pwS^Sn agricutture and 


, _ availability of fine graini cereals like wheat and rice, it has been 

gysh^ to be utilizcKl only as feedfindustriai crop. Recartt r^xjrte haw 
shown a general declining trend in bofe production and acreage of barley. 
In order to stop this dedining trend, high yielding varieties with stability m 

Vjfx-'U' ' ^t'/' 

^ 'proouctiefi- are needed . 


The success ttiat a 
correspondence between 


nt brmk^ can achieve deperxis on the 
and breeding value, If it is absent 
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then seieciion .n«..«ouvc. . ne mam aim of any crop breeding programme 
is to evolve a variety which has high yield potential across the 
^iitoirl^ti'reglon^ Yield is the ultimate result of interaction of genetic 
and environmental factor and controlled by polygen^According to Grafius 
(1964) and White House et ai, (1958). there may notbe gen^for yield per 
se but for their components, the multiplicative interaction of which results In 
ultimate yield. It would be therefore desirable to have information on 
component characters and their relationship with vis a vis among 
components themselves. Large variability ensures better chance ol 


In the present investigation an attempt has been made to measure 
the variability for various characters their heritability, genetic advance 
character association, path coefficient and stability. 


GENETIC VARIABILITY 


Genetic variability rnwylser discussed under blowing sub heads, 


Analysis of variance 


Footed analysis of variance (Tabte-2) disclosed that mean square due 
to treatment were significant for all die traite exo^ ear lengto. Tliis 
indicated the presence of constelerabte gene^ variability for these traits 
among the genotypes under study. Similar faults also reported in 
this crop by Yadav ef Ram Kiidw el^^^^lXK)) and Pilania 

and Dhaka (2005). -- 
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Range of Variation 


In present study, the estimates of genetic components of variance 
heritability and genetic advance have provided useful information on the 
magnitude of phenotypic and genotypic coefficient of variation. Variability in 
the population especially in respect to the characters for which 
improvement is sought is a prerequisite for successful selection. 


pnenoiypic coemcient of variability (PCV) was higher than 
<»rresponding genotypic coefficient of variability (GCV) presented in 
Tabie-12 and 13. This is because of the fact that variability at 

phenotypic level includes genotypic , 3 nd environmental variability. These 

aJL~ 

findings are similar to Chauhan et (1988), Ram Kishor et^., (2000) and 
Pllania and Dhaka (2005),. 


On the basis of peeled analysis, phenot^ic coefficient of variation 
for different characters ranged from 13.10 to 1.77 in al! the environments 
whereas, genotypic coefficient of variation ranged from 12.64 to 1.07 in all 
the environments. 


The high estimates of PCV and GCV values were observed for 
tiller number per plant Number of spikelets per ear, number of seeds per 
spike, grain yield per plant, biotogicai yield per plant, 1000-graln weight and 
harvest index, indicated the presence of ample genetic variability in the 
expsrimental material for these diaraders. High estimates of PCV and 
GCV for different characters in barley wane also reported by Chauhan ef 
/T, (1988), Shar|ia and Matoo (1994) and Sa#da Begum (1997), 
Ram Kishor ©f (2000). Ptiania and Dhaka (2(W5) and Dhama (2007). 



The lowest PCV and GCV values were observed for malt 
percentage, starch percentage and days to maturity indicating that these 
traits exhibited low variability, which suggest that more variability should be 
generated for these traits, through hybridization or mutation breedina 


The maximum GCV has also been reported in barley for grain yield 
per plant and number of grains per spike (El-Hennawy. 1997). These 
findings are similar to our results, indicating that considerable improvement 
In grain yield and number of grains per spike, could be ought about by 
adopting a suitable breeding programme. The lowest GCV were recorded 
for plant height, 1000-grain weight and grain yield per plant by (Yadav et 
a/., 1993) and (El-Hennawy 1997). Whereas in present study, GCV was 
observed high for 1000-grain weight and grain yield per plant. 


On the basis of these results it is concluded that the characters 
tiller number per plant, number of spikelets per ear, number of seeds per 
spike, grain yield per plant, biological yield per plant, 1000-graln weight 
and harvest index showed high variability. Therefore, greater emphasis 
should be given to these characters as selection based on these 
characters will be effective. 


Heritebiiity 


The estimates of heritabillty in broad sense which determine the portion of 
the observed variance for which the differences in heritabifily is 
responsible, were obtained for several characters. Success in selection 
programme depends primarily on magnitude of heritable portron of total 
variation. Burton and De Vane (1963) suggested that g€«e|^^^fficient of 
variation, togetii^r witti heritebillty estimates would give rela^le indication 


of the extent of improvement expected from selection and further explained 
that expected genetic advance under^ particular system supplies a true 
practical information that is needed by^breeder^, 

Broad sense heritability estimates of all the characters studied are 
given in Table-14. High heritability estimates were observed for number of 
tillers per plant, harvest index, grain yield per plant, 1000 -grain weight, 
number of spikelets per ear, number of seeds per spike, biological yield per 
plant, malt percentage and starch percentage. It indicated that these traits 
are highly heritable and less affected by the environments Therefore, 
selection should be based on these traits. Sajeda Bagum et a!., (1997) 
reported that all the traits studied possessed high heritability valuesthf 
highest being of grain yield per plant. Whereas. Kaeppler et at., (1991) 
reported the heritability of Alpha-amylase activity on an F 2 plant basis 
ranged from 0.37 while on an F 5 basis it ranged from 0.39 to 0.74. 

High heritability has also been reported for number of tillers per 
plant and grain per spike (Yadav et al, 1991, El-Hennawy 1997), 
haibiMy for 1000-grain weight (Yadav et al., 1993) and for grain yield per 
plant (Nadziak et al., 1994; Lu et al., 1995; Vimal and Vishwakarma 1998; 
Sinha ef a/., 1999, Kumar, 2003 and Dhama, 2007). 

In this study, plant height, days to flooring and ear length 
exhibited moderate hertteibility, indicating ttrat tiiese traits are more 
influenced by flie enwircNimenis. Therefore, selection may not be so useful 
in Improving these characters. In earlier studies, h^h heritability was 
observed for plant heigh^ (Nadziak et at., 1994; Kudia et al., 1995) and for 
ear^ tengtti (Nadziak et al., 1994; Ram Kishor et al., 2000 and Pilania and 
Dhaka 2005). However, only one character namely days to maturity 


showed low heritability in the present investigation which has aiso been 

reported by fLeelu Babu 1998). 

Genetic Advance 

Heritability and GCV are not sufficient to determine the amount of variation 
which is heritable from parents to their off springs. Burton (1953) and 
Johnson et al, (1955) found that the high heritability estimates alone Is of 
little use in predicting the breeding value of any trait and therefore, this 
parameter can be better utilized in association with genetic advance and 
the heritability coupled with genetic advance gives an idea of the possible 
improvement through selection. 

High heritability coupled with high genetic advance over mean 
(Tabte-15) observed for tiller number per plant, biological yield per 
plant, harvest index, 1000-grain weigh^grain yieki per plant, number of 
seeds per spike and number of spikelets per ear indicated that add'itive 
genetic effects are of probable importenoe (Panse 1967) and knprovement 
in this traits may be achieved through selection (Jonson at al, 1955). 
High genetic advance with high heritability for number effective tillers 
per plant, length of spike, number of spikelets per main spike and grain 
yield per plant v^s also observed by Aidum ef a#., (1990) in barley and 
Pathak and Nami4l98^ in wheat 

Similarly, high heritability ctxipted with h^ genetic advance was 
noted for number of tillers per plant ear length, applets per ear and grain 
)rield per plant by Vimas and Vishwakarma (1998) aixl for maiffoer of seeds 
per spike, 1000-grain weight and grain yieid per plant by Leebu babu et al, 
(1998); Ram Kishor ef a/ . (2000) and PiMa and Dhaka {Zm). 
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Begum et a/., (1997) reported that the genetic adt/anoe vras high for grain 
yield per plant, While Sinha ef a/„ ( 1999 ) found high heritability with low 
genetic advance for grain yield per plant. 


Plant height, ear length, days to flowering, malt percentage and 
starch percentage exhibited low genetic advance with moderate heritabilitv 
estimates indicating the-presene^4fee- direct selection for these traits in 
segregating populations will not contribute for the genetic improvement of 


CORRELATION COEFFICIENTS 

\';ax i«2. 

In the present investigation, correlation^ among 

towards grain yield were 


estimated from the data recorded on 40 genotypes of barley in eight 
environments as well as in pooled analysis. The results are presented in 
table 16 to 24.a«#^§4e^, ra^pecMyr- 


The grain yield of a crop is a complex character and is the ultimate 
product of actions and interactions of various comporrent characters 
Further, it is well known that no independent gene system is present for 
grain yield per se. but genes are available only for component charaders 
(Grafrus, 1969). Therefore, a successful breedir^ programme should 
depend not only on the information m association of various yield 
component charaders wdh grain y»kl but also on the infbrmatkm erf tiheir 
inter a^odatkm. Conelahon of yiekl arxi seme dedrabie diaracters vyrith 
other characters should also be studied, because sometimes the selection 
on tie basis of ccmponenl characters of yieM n^y rxrf be efii^rfive due to 
bw heritabiirty. Therefore, it may become necessary to make selection on 


ite 



the basis of characters other than the yield contributing characters 
of this, the information on nature and magnitude of correlation I 
various characters is of outmost importance for initiating any su 

breeding programme. 


Every aspect of the phenotype of a plant is the result of a large 
number of factors. There are evidences to suggest that selection for yield is 
not so easy. Selection for one character invariably affects a number of 
other characters also. Thus, one realizes that it is the whole integrated 
genotype that is being selected rather than the particular part that is 
responsible for the characters we are selecting for. 

: 

In present study, the magnitude.^! genotypicwrrelation coefRciehi 
is higher than corresponding phenotypic correlation. The same results were 
also observed by Singl},.^1987): Ram Kishor et ai., (2000) Kumar, 2003 


In present investigation, grain yield per plant was found 
consistently associated positively and significantly with btological yield and 
harvest index in all the environments as well as in pooled analysis. These 
results are in conformity v^/.Theoulakis ef aL, (im) and El- Hennawy 
(1997). Grain yieW per plant was correlaled significantly with number of 
spiketets per ear in all the environments exc^Dt environment-IV, and with 
filter number per plant in five emwonmente. The same pattern was 
observed by Yadav (1993). Irfan-ul Haq (1997), Singh ©f al, (1998). 
Subash at al, (1998), Khodzhakulu (1980), Ram Kfehor ef al (2000), 
Bhattacharya, (2005) and Dhama, (2007), This emphasize tttat the 
characters biological yield per plant, hanrett index, nianber of spiketets per 
ear and tiller number per plant are nwe tenpcxtant attributes in determining 
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grain yield in barley. Their importance in yield improvement is further 
substantiated with the fact that they had significant positive association with 
other component character^f Some more characters like, ear length, number 
of seeds per spike and 1000-graln weight y^^observed to have positive 
significant correlation with grain yield showing their relative 
Similar results were observed by El-Hennawy (1997), Irfan-ul-Hag (1997), 
Singh et at., (1998) and Ram Kishor et at., (2000). A negative but 
significant correlation was also observed between plant height and grain 
yield per plant in three environments as well as' pooled analysis while 
Hadjichirstodou^ A (1991), Ram Kishor et at. (2000), Dhama, (2007) and 
Singh and Khare (2008) reported that the plant height had positive and 
significant correlation with grain yield. 

The character biological yield per plant was found consistently 
correlated negatively and significantly with harvest index across the 
environments, vsrhite it had positive signifteant correlation with number of 
spikelets per ear in five environments. For instance, biological yield with 
number of spikelets per ear^ grain yield^ number of seeds per spike in 
majority of the environments, number of spikelets per ear with number of 

seeds per spike in seven environments, number seeds per spike with 

I * Owl- +i^ViL» . . 

grain yield and biotogica! yieW^^ Number of tillers per plant with grain yield 
per plant and bk>logteal y»W per plant In five and three environments, 
rmpectiveiy slK^weKl posits and s^nifkant oorrelation. 


In contrast, number of spiceiets {^r ear was ataRi- c^sodated 
negatively with malt percentage. Harvest kidex showed negative significant 
correlation numbw of seeds per spite in five envtotments as well as 
In pooled anaiyski. Some ottier clMimcters, plant hdght had negative 
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correlation with gram yield per plant in three environments while days 
to maturity consistently associated negativeiy with piant height A 

^g^jtF^nvironmentfc . 

Keeping the above results awMtswssien in view,''Mtedion for 
better genotypes in bariey over a range of gj«* environments, i74.|fcr 
characters biological yield per plant, tiller number per plant harvest 
index and numter of spikeiets per^^r 

are^ tta» the main oontifcutors for impwvws)- grain yieid. 
Therefore, the simultaneous seieotion for these ^ , 

^improvement in barley. ^ 

path COEFFICIENT ‘ 

Correlation coefficient analysis provides only the direction and degree of 
association between various characters but, do not dearly bring out the 
characters on v»fhich breeder should concentrate to improve the productivity 
or yield potential of a crop. Therefore, path coefficients analysis was also 
carried out in the sarne material. This estimates the direct and 
indirect effecte charactefB towards grain yield. The correlation 

coeffidents of grain yiekl vwffi various cownponent characters were further 
analyzed fallowing path ccwffictente analysis. 


The estimates of direct and indirect effects of various characters 
on grain yield are presented in Tabte-25 to 33. It would be interesting 
to note^the characters recommended earlier on the baste of correlation 
studies, showed consistent, highrjlirect effets and indirect effects 
through each other towaras dependabte variable. The characters 
biological yield per ptont and harvest tedex ^chiWted high direct 


The other important yield contributing characters namely number of 
spikelets per ear and number of seeds per spike had positive and 
- significant correlation with grain yield per plant in majority of environments 
^well as in pooled analysis. 

But these characters did not exhibit considerable direct influence 
on grain yield; Instead, they contributed towards grain yield via biological 
yield. Whereas, Singh, 1987; Garcia, et a/., 1991; Ganeshva, ef ^992- 
Mandai and Dana. 1993; Naik, et a/., 1998; Verma, ef.^l998; Fathi and 
Rezacimogholdam, 2000; Kumar, 2003 and Kumar and Khare, 2008 
reported that the number of seeds per spike had greatest effect on grain 
yield. It is pertinent to mention that cjj^^r tiller number per plant had 
positive and significant correlation with grain yield but it had negative direct 
effects on grain yieW* ^Jowever, it contribute|^l)wards grain yield via 
biological yield per plant. White Kumar, et al, 1986; Jadav and Jadon 

af , 

1987; Singh. 1987; Sarker, et^., 1988; Singh, 1990; Garcia, etfl, 1991; 
Yadav, 1993; Kudla. 1995; Mated, and Handiinal, 1997; Naik, ef a/., 1998; 
Verma, et 0.. 1998; Fathi and Rezaeimoghddam 2000; Dhama, 2007 and 
Singh and Khare, 2008 observe the character tiller number per plant had 
positive direct effect on grain yield per plant. 

fJA 

It is apparent from ^^ 4 a^tfv e correlation;^ 

w i lteyein yeid that bteiogicai yteid and harvest inctex hiiitrue relationship 
with grain yield. Therefore, direct sete:tion for h^h blologksal yield and 
high harvest index wrill result in improvement of grain yteid. Because* 
dL other component characters had irKlirect effect on grate yteW via these 
two characters^ riQimkUiid.....iiftapr^^ in nvnfirwmta nha racters Will 
aulomalirjAty be oblauned. 
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It is interesting to mention thaUmportant yield contributing trait 1000-grain 
weight had positive and significant correlation with grain yield in only two 
environments and also positive direct effects on grain yield in same 
environments. However, pooled analysis of correlation and path coefficient 
revealed that It does not have any influence on grain yield directly or 
indirectly on the contrary, Singh, 1987; Gansheva, et aL, 1992; Mandai and 
Dana, 1993; Kudia, 1996; Verma, et al., 1998; Bhattacharya, 2005 and 
Singh and Khare, 2008 reported that 1000-grain weighted positive direct 
effect^ on grain yield. Therefore, it may be suggested that 1000-grain 
weight is not a sjabfe selection criteria for yield improvement in barley^ 
beesase other yield contributing characters like days to maturity, biological 
yield, grains per ear, tiller number per plant and number of spikelets 
^ '^contributes indir 




4«c:fiptercrf: 


quality traits like malt and starch 




'k 


percentage basjmportant role to stabilize the barley as a raw product for 
different industrial purposes. In the present investigation malt percentage 
ha ^positive and significant correlation with harvest index in pooled analysis 
whereas it ha^ negative and significant correlation with number of spikelets 
per ea^^ in three environments. It also has- negligible direct and indirect 
effects on Therefore, it may be 

concluded that selection for harvest index can also improve the malt 
percentage along with grain yield in barley. However, starch 

percentage did not show correlation, direct and indirect effects in the 

direction of yield improvement. Therefore, it nec^sitates formulating 

*»C*|**'C<' ' ' ' 

'^^breeding procedures for starch percentage improvement 






^ It may also be important to mention that the phenomenal^ncrease 
/n barley yield potential during the past few decades is attributed to 
increased level of harvest index. The general consequence of this 
-pfogiessiGfi- has been that the modern varieties are high yielding with 
shorter height but have little or no increase in overall biological yield over 
their fore bearers and further efforts to increase yield potential have not 
been successful. In barley, although the physiological limit for harvest index 
has been to 50 per cent, the further improvement of present level of harvest 
index has not been feasible. Therefore, the future improvement in grain 
yield of barley can be attained by increasing the biological yield, tiller 
number per plant and number of seeds per spike while maintaining the 
opdteHmaasat higher level of harvest index. 

PHENOTYPIC STABILITY 

It is realized that there is the importance of G x E interaction in predicting 
the performance of genotypes for their subsequent use in breeding 
programmes. The success of breeding programme depends upon the 
extent of genetic viability in the breeding material. The variable 
performance of genotypes under different environments makes it difficult 
for breeders to exploit the variability for different characters. Stability in 
perfonmance is one of the most desirable properties of a genotype for 
selecting a parent for any breeding programme uaSEHo develop 
best suited for wider cultivation. For this purpose the multi-location trials 
over a number of years are conducted. Some tim^the uni-location trials 
can also serve the purpose provided different environments are created by 
planting experimented trial^t different date of sowing and providing various 
spacing, different doses''or fertilizer and irrigation levels etc.,(Luthra ef a/., 
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^974). Whereas, Nlssila etal., (1992) concluded that the variation between 
years was highly significant and there was no interaction between 
genotypes and years. 



Earliej^ Spargue (1966) discussed the importance of G x E 
interactions in estimating the variance components and described them as 
factors limiting the efficiency of selection programme. Although breeders 
have realized the importance of G x E interaction since the beginning of 
crop cultivation, yet efficient techniques were not available to quantify such 
interactions. 


The regression analysis used by Eberhart and Russell (1966) and 
Perkins and Jinks (1968) is efficient in providing both the pooled estimates 
of G X E interactions for Individual genotypes. Estimates of G x E 
Interactions for each genotype could be further partitioned into linear 
components represented by regression coefficient (b*1) and non linear 
components represented by deviation from regression S^di. Kar^(1997) 
concluded that the mean yiekj was significantly correlated with coefficient 
of determination (r^i). The linear regression (bi) statistic showed significant 
positive correlation with r^l genotypic variance (S^i) and coefficient 
variability (cvi). The covariance stability index (W^i) and stability variance 
were perfectly correlated (r*1. 00). The phenotypic performance of a 
genotype can be predicted if the G x E interaction is accounted for by linear 
ccOTiponents, sudi prediction can not be made if the non linear component 
is predominating. Keeping in view t|»ese pointe, the present study was 

W, ■ 

undertaken to work wt tie phenotypifc stability of 40 ^notypes of barley 
(Hordeum vulgam L.) grown under eight environment over twoJjj#^ different 
locations and the results thus, obtained are discussed here under. 
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^ % " ^ 

Eberhart and Russell (1966) modej^ forty bartey 

genotypes involved in the present study were observed to differ in their 
sensitivity, mean performance and stability for different charactersi^/^i>^ 




a: particotet genotype indicated thit both the attributes are governed by 


different sets of genes. Therefore, sensitivity is specific characteristics of a 
genotype. Moreover, the nature and magnitude of sensitivity exhibited by 
different genotypes remained inconsistent for different characters. The 
genotypes were observed having different levels of mean performance and 
stability for various characters suggesting that the mean performance of 
genotypes were independent to their stability (Table-35). It may be 
assumed from these observations that there are different sets of genes 
governing both the attributes (mean performance and stability) for each 
character. Thus, it may be possible to incorporate both sets of genes in to 
the genotype to derive desirable cultivars with high mean and stable 
performance. 


Commercially desirable genotypes should be stable with high and 
vv! oAnnaOr oL, * 

nnied ium . mea fl -v a lt i e . in the present study, th 


the pooled analysis of variance 


for different characters is presented iri^able-S^ The mean square due to 
varieties was found significant for ail the characters except ear length, 


indicating the presence of sufficient variability for these characters. Costa 
et al., (2001) and Pilania (2004) observed signfficant differences among 


barley cultivars and experimental lines for grain yield plant height and 
heading date.^Md Sial et al, (2000) also reportedrthe combined analysis of 


variance over all environments re^real^ highly significant differences for 


genotypes .environm®ite and G X E interaction. Whereas, Oliveira et al, 


J 
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(1994) concluded that the environment had a significant effect tXour . 

granules traits. ^ irp 


It is clear from results that the linear component of G x E interaction 
played an Important role in all the thirteen characters under study. 
Genotype x location interaction from analysis of variance was reported 
significant for grain yield by t^ May ef a/., (1993). Same findings \«ere also 
found by the Fekadu Fufa et al, (1995); Das. ef a/., (1996); Saleny ef al., 
(1998): Forshadfar. (1999); PilaniM2004) and Vjerrn^(2098) ttie|en'fce^^^' 

V i^rn/imrimiPirif iritersif^irin uiiaic fhinhAr Mian fhne^ . . 


X environment interaction was (high^^gn those of spikes per plant and 
seed weight. Upreti (1999) reported the presence of G x E interaction for all 
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the traits except tillers per meter. The linear component G x E interactions! 

— j — - , , 

was significant for days to heading^ ,S^a^ tOLlhatiiritv. sp ike length, grains J 
per spike and 1000-grain weight. (‘^^94) observed that G 

X E interaction was not signifi^it. The non-linear conriponeiits of G x E 

refKn'><-A 

interaction were observed significant only for nine characters. Upreti (1999) 
also reported that ttie non linear connponent was significant for most of the 
characters except days to maturity, spike iengfii and spikeiets per spike the 
variance due to deviation (non-linear) were significant for days to flowering, 
dap to maturity, plant height, ea** tength, number of spikeiets per ear, 
number of seeds per spike, harvest index, malt and starch percentage 
reflecting considerable genetk; diversfty in the material, 

1 Days to llewefiftg 

The mean performance of the 40 genotypes of barley for days to flowering 
ranged from 88.34 (K-633) to 100*^3 (K-141) with the population m^n 
94.53. Consklering the respori®® ^ gwotpes to environmental changes. 


-V' 
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the genotypes Jagrati, PL-781, K-1 69. K-252, K-370. K-551. Lakhan, 
K-1155, K-633 and Amber showed early flowering with b=1 and non 
significant S^di. 


Days to maturity 


The mean performance of different genotypes for days to maturity ranged 
from 117.28 (K-633) to 129.12 (K-783) with population mean 124.33. 
Considering low mean, b=1 and S^d^O, only nine genotypes namely RD- 
2684, Jagrati, PL-781, K-370, K-341, K-603, K-792, K-784 and Amber were 
showing early maturity, with regression coefficient close to unity and 
deviation from regression zero. 


Plant height (cm) 


The genotype K-784 showed minimum plant height and stable having b<1 
and non significant S^di while genotype Jagrati showed maximum plant 
height and non significant S^di but their “bi” value was greater than unity 
therefore this variety perform better in good fertility levels. 


Number of tillers per plant 


Considering high mean value (>9.37), bi=1 and S^dNO four out of forty 
varieties namely, K-169, K-804, K-633 and K-794 were identified as 
desirable and stable for number of tillers per plant over eight environments. 
The genotypes K-784, RD-2684, Jagrati, BH-851, K-729, K-784, K-1 149, 
K-551, K-790, Lakhan and K-791 had mean values for 

number of tillers per plant and bi=1 but it had S di=^ignificani^ese 
genotypes were not therefore suitable for cultivation in the'|^|nvlrbnments 
because unpredictable components of G x E interaction* 
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C 0 nsi€tem§-Hvthe“l^^ However, genotypes 

^ W- 

K-252, K-603 and K-783 were observed ^ high tiller producing genotypes 
and stable but its corresponding “bi” values were significantly greater than 
unity indicating that these genotypes perform better in favourable 
conditions and these varieties could be recommended for cultivation under 
better management practices. 

5. Ear length (cm) 


The mean values of different genotypes for ear length ranged from 8.24 
(Jyoti) to 9.57 (Manjula) with population mean 8.82. The genotype Manjula 
was found maximum ear length Jinrt 

<Bftore genotypes namely, K-804, K-789. K-784, K-409, K-551, Lakhan and 

K-789, w e re a l so maximum- e ar l e ngth pr<?d u Ger - ~ geaotyp®s>->and'^^ 

genotypes had b=1 and S^di=0 ^^piS'efore t hese-'gefiQ tygteer could be 
recommended for general cultivation. 


6 . 


Number of spikelets per ear 


Using the stability criteria, high mean, b=1 and S^di=0, out of 40 genotypes, 
four genotypes BEU-73, K-784, K-141 and K-794 were identified as 
desirable and stable for number of spikelets per ear over the eight 
environments. This could be recommended for commercial cultivation. 


7. 


Number of seeds per spike 


Mean performance of forty genotypes for this traits ranged from 49.63 
(Vijaya) to 68.23 (K-141) with grand mean 57.15. Out of forty, six 
genotypes namely, RD-2684, K-729, RD-2035, K-115, Amber and K-141 



were screened as desirable and stable for this trait. Therefore, these 
varieties are suitable for general cultivation under normal fertility levels. 



8. Grain yield per plant (g) 


Out of 40 varieties, thirty one genotypes showed stability for grain yield 
because these varieties had non significant deviation (S^di=0) however, 
Hadjichristodolou (1974) reported that grain yield is a less stable trait in 

. .4 r\nn - . 

comparison to 1000-grain weight. Seven genotypes out of thirty one were 
stable for grain yield with high mean performance having unit regression 
and non sigrtrficant deviation from regression over eight environments. 
These varieties are K-273, K-169, K-252, K-792, K-784, RD-2035 and K- 
794 which can be recommended for commercial cultivation *irKriij®‘ 
erp rawmoiits tiw i feed i f»4lw - p ra sg rrgtBely. Fekadu Fufa (1995) and Thakur 
etaL, (1999) neported the genotyp^G-3510 (I). PG-3515 (I) and PG- 
319 (I) and DL-78 and DL-226 were stable for^^te^ields and are suitable 
for commercial cultivation. Mishra ef a/., (2000) jiJS^observed the 
genotypes DL-788-2 and GW 190 had higher adaptability and stability and 
may be recomnnended for normal and lateLsowing condition. All the seven 
st^^ genotypes for grain yield^er-platg with high mean performance 
showed stability^Jw^different^te wh i ch are mention {^le-3^The 
variety K-273 showcsd stability and high mean performance, unit regression 
wifo biological yield per plant and harv^ index. K-169 exhibited stability 
for days to ^sweririg, number of tillers per plant, 1000-graln weight, 
biological yieW per plant, harvest index and starch percentage. K-252 
showed stability for days to flowering, the genotype K-792 showed stability 
for days to maturity, 1000-grain weight, biological yield per plant, harvest 
index and maWt percentage and genotype K-784 showed stability for days to 



TaW#-36 : Genotypes stable for grain yield with high and medium mean performance showing stability for other characters in barley 
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maturity, ear length, number of spikelets per ear and 1000-grain weight 
indicating th®6&-va»E^ their consistent performance a 

environments and it can be concluded that^l^fes 

erfder cultivation over the environments. Genotypes x environment 
irteractions measured through regression anatefe^re significant for 
grain yield, heading date and plant height. Mosttarity genotypes tested 
(90%) had regression itotS’for grain yield that did M differ from 100 (Costa 

etal., 2001. Pilania, 2004 and Verma, 2008). 

Breeders main aim as emphasized earlier, is to have genotypes 
which are high yielding as well as stable for yield. The seven genotypes 
earlier recommended were high yielding as wen as stable for yield. 
Noaman ef at., (1992) ^Ipb identified five barley genotypes which exhibited 
both high yield and high stability. The pwtoes K-C78, BH-851, K-341, K- 
791, K-675 and K-804 were high stable but their corresponding 

“bi” values were significantly lower than unity. It shows that these 
genotypes would perform better in poor environment conditions hence 
these can be utilized as donor parent to brmi a suitabte line for poor 
environments. Mishra ef a/., (2000) reported that the genotype DL-803-3 
and Rai-1555 showed stability and sustainability under poor environmental 
conditions and may recommended for cultivation urKter late sowina 
conditions. Similarly genotypes Lattdian. Vpya, Jyoti, K-551. K-790. 
Lakhan. K-804 and K-141 were dtisermf to be high yielding arto stabte but 
m cmmm^irn "to** values was greater than unHy. It shows that these 
varieties would perfwm better in fovourabte condittons and hence could be 
recommended for cultivation under bettor management practices. Verma 
and Ram (1990) alto idenlified the variety hulled BHO 113 and HBO 316 
for high yield but iuk ii >iitty for better envirownent 
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The genotypes RD-2684. Manjula, PL-78'1 and K-318 had low 
grain yield over the grand mean and significant S^di hence were, unstable. 
These genotypes were not therefore, suitable for cultivation in^environment 
slucO^f-’ because unpredictable components of G x E interaction 
considerably shared in the performance of these genotypes. Noaman et^.t 
(1992) also reported that environment has influenced some genotypes* 
some other genotypes were relatively consistent in ranking at 
different environment. 


1000-grain weight (g) 


Out of forty varieties only ten varieties exhibiti»g^iigh mean (>27.64), bl-1 
and S^di=0 we?e=s:TOen^d^s desirable and stable for eight environments 
under study. Hadjichristodolou (1974) also reported that 1000-grain weight 
is most stable trait other than remaining yield contributing traits. However, 
he also concluded that six rowed varieties .Ire less stable than two rowed 
varieties* While'teree gSJotypes rSmely, RD-2035, K-794 and K-141 had 
high mean performance and tebte but its corresponding “bi” values was 
lower than the unity, therefore, these varieties perform better under poor 
environmental conditions and teese Muld be used as donor parent to 
breed a suitable line for rk)or environment f 


10. Biological yield per plant (g) 

Eleven genotypes were o^enreel-as desirable and stable with high mean 
(>26.80), bl=1 and S^di=0 for biological yield per plant across the 
environments^while genotypee^-252, BH-851, K-341, RD-2036 and Amber 
had high mean performance and stable with S^di=0 but ite corr^ponding 
“bi” values were significantly greater than unity. Therefore, these varieties 
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perform better in favourable environments. However, genotypes RD-2684 
and K-804 had greater mean performance with bi=1 but its S^di= significant 
hence, were unstable. These genotypes ncCeuitable for cultivation 
under ^nvironment'^Stififedt because G x E interaction plays major role for 
the performance of these genotypes. 


1 1 . Harvest index (%) 


On the basis of mean performance, responsiveness and deviation from 
regression of individual genotypes the genotypes Vijaya, Jagrati, K-169 and 
K-792 were identified as stable for harvest Index over eight environments 
and these genotypes performed better in normal environments. 


12. Malt percentage 


Considering high mean (>80.02), regression coefficient close to unity (bi=1) 
and deviation from regression zero the seven promising varieties namely, 
RD-2684, Manjula, K-678, BH-851, K-792, K-790 and K-794 were se^S^^ 
as desirable and stable for malt percentage over eight environments. 
These varieties could be recommended for commercial cultivation for malt 


percentage In the environments tested in the present study. 

These seven stable genotypes for matt percentage with high mean 
performance (>80.02)^had stability different characters mwwtatwed - 
agaio st eacln g e notype in Tabte° 9 y . The genotypes K-273, Vijaya, K-252, 
K-1149, Lakhan, K-804, RD-2035, K-1155 and K-791 had meffiuro matt 
percentage population but significant S^di hence were unstable 
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on the basis of ntean performance, responsiveness and deviation 

from regression of individual genotypes the genotypejJagrati, PL-781 K- 

370 , K-729, BEU-73 and K-675 k. k- .. . 

' «Eus-oBservBd to be high yielding and 

steble but its corresponding "br values were significantly greater than unity. 

It shows that these genotypes would perform bette'H’lroS^r'T"' 
conditions and hence could be recommended for cultivatton under better 

management practices. 

13. Starch percentage 

In most of the breeding programmes, it Is usually de^ to identify 
promising genotypes for better, medium and poor environments. This can 
be done by using Eberhart and RusseB (1966) model. Considering »e.hi i|ty 
criteria the varieties PL-781, K-1156, K-633 and K-794 were identified 
promising for starch percentage under eight engronments tested in present 
study. These four varietie^liJ^ied stabiHty jvi^ome other characters as 
mentioned against each genotype in Table-3S. While, the genotypes RD- 
2648, K-729. BeU-73, K-792. K-784, K-1149 and K-804 had high starch 
percentage and were stab»e (S^di»0) but the “bi" values were found 
significantly lower than the unity. It shows thgtjhese genotypes would 
perform better in poor environments hence these can be utilized as donor 
parent to breed a suitoble lines for poor environments 
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Chapter-6 


SUMMARV 



The present investigation entitled “A study on stability for yield and 
yield contributing characters in barley {Hordeum Vulgsre L)” was 
under taken with a view to work out variability, heritability, genetic advance, 
character association, path analysis and phenotypic stability among the 40 
genotypes of barley grown over four environments at the research 
farm Atarra post graduate college, Atarra, Banda (U.P.) and four 
environments at Brahmanad Mahavidhalaya, Rath, Hamirpur (U.P.) during 
2006-07. The experiments were conducted in randomized block design 
consisting of three replications with two row of two meter for each genotype 
in each environment. Row to row distance was kept 30cm and plant to 
plant spacing 10cm. Experiments were conducted with two levels of 
nitrogen (N) and two levels of sowing date at two locations over one year. 
The seeds of 40 genotypes were obtained from C.S. Azad University of 
Agriculture and Technology, Kanpur. Nomial cultural practices were 
followed in all the e)g>eriments to raise better crop. 


The djservations were recorded on three randomly picked 

plants of 40 genotype on the 13 morphological characters (Eleven 

cfLuJxlX 

quantitative and two The quantitative characters studied were 

days to flowering, days to maturity, plant height number of tillers per 
plant, ear length, number of spikelets per ear, number of seeds per spike, 
grain yield per plant, lOOO-graln weight bic^ogical ^eld per plant and 
harvest index and characters^S^nr^ and starch percentage. 

The data obtained from experiments at diffiarent growttt stages and ftnally 


rill-; 
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at han/est were subjected to the statistical analysis foibwing the suhabte 

procedure to workout the following Objectives 

I. To find out the variability, heritability and genetic advance for 
the characters under study. 

II. To estimate the character association between yield and its 
component characters through correlation and path analysis 

III. To find out the phenotypic stability for the characters under 
study under different environments. 

The salient features of the present investigation are summarized 
here under*, eCTy to n m wfcwit^t. Experimental data were subjected to 
analysis of variance, heritability genetic advance, character association 
path coefficient analysis and phenotypic stability. 

1. The analysis of variance, environment wise as well as pooled 
analysis showed that mean square due to treatments were 
significant for all the traits except ear length. 

2. Number of tillers per plant, number of spikelets per ear, number of 
seeds per spike, grain yield per plant, biological yield per plant. 
1000-grain weight and harvest index exhibited maximum amount 
of phenotypic and genetic variability, ttierefore these characters 
may offer considerabte scope for improvement 
material. 


MaK and starch percentage 
phenotypic and genotypic variability 


variability is required to be generated for these characters, through 

hybridization or mutation breeding. 

The number of tillers per plant, harvest index, grain yield per plant, 
1000 -grain weight, number of spikelets per ear, number of seeds 
per spike, biological yield per plant, malt and starch percentage 
had high heritability therefore simple selection procedure for these 
traits will be effeaive. However, only one trait namely days to 
maturity shovied low heritability. 

On the basis of pooled analysis the maximum genetic advance 
was observed for number of seeds per spike, number of spikelets 
per ear and harvest ir»dex. 

High heritability coupled with high genetic advance over mean was 
observed for number erf Alters per plant, biological yield per plant, 
harvest index. 1000-grain weight, grain yield per plant, number of 
seeds per spike and nufrtser d spNcelets per Wlcated tl^ the 
additive gene effects are of probable importance and improvement 
in these traits may be adtieved through setedion. While plant 
height, ear length, days to fkifwering, malt and staioh perc^itage 
exhibited low genetic advance indicabng the presence of non- 
additrve gene effects twefoia. heterosis breeding programme 
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yield per plant, harvest index, number of spikelets per ear and 
number of tillers per plant, ear length, number of seeds per spike 
and 1000-grain weight exhibited positive and highly significant 
correlation with grain yield therefore; a population 

improvement programme should be based on these characters 

using simple selection procedure. 


on me oasis or pooiea analysis rt was observed that the character 
days to flowering showed positive and significant correlation with 
ear length/ and number of seeds per spike; days to maturity 
significantly and positively correlated with number of spikelets per 
ear: plant height with ear length; number of tillers per plant with 
grain yield and biological yield per plant; number of spikelets per 
ear exhibited s^nifkant positive correlation with number of seeds 
per spike, biological y»ld per plant arei grain yield per plant 
number of seeds per spike vwth grain yield per ptent and biological 
yield per plant, bioki^teal yieW per plant showed positive and 
significant correlation with tiller number per plant, ntmber of 
spikelets per ear number of seeds per spBte and grain yield per 
plant and harvest index stwwed posithra significant association 
with matt percentage. 

Biological yield per plant and harvest irxiexeaihibtti^pos'i^ and 
significant correlation with grain yield also had J}igh 

positive direct effects on grain yield pab^M which reveals mie 
relationsh^ 3 :tiolw»ep yield and I'iA „ iiliai'iidi^'flrfrwefoie, direct 

I 

seteclion for ttmm Irato will be rewarding for yield hnprovwnert. 
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The number of spikelets per ear and number of 
also contributed indirectly towards grain yield tl 
yield per plant. 


The characters number of fillets per plant, number of spikelets 
per ear and number of seeds per spike had low direct effect 
but contributed towards grain yield via biological yield 

per plant. 


12. Thousand grain weigh showed low direct effect on grain yield 
t contributed towards grain yield per plant via days to maturity, 
number of tillers per plant, number of spikelets per ear, number of 
seeds per spike and biologkaii yield per plant 


Out of 40 genotypes, seven genotypes were klentified as desirable 
and stable for grain yield per plant in barteyJ^K-273, K-169, K- 
252, K-792: K-784 RD-2035 and K-794 beaauab these varieties 
were having h^h mean performance, unity r^ression coefficient 
and non s^nificant deviation from regression , Therefore, these 
genotypes can be reamtmended fw commercial cultivation under 
varied environmental conditions. 


14. The genotype K-678. 8H-851, K-341. K-791, K-676 and K-804 

■ ■ ■ , 

were high yielding and s^bte but their correipondir^,"bf values 
were s^niftcantiy lower than unity. These g^fKitypes wouW 
perform better »n poor environmental addition® h«no§.. these 
genotypes can be utilized as dorw paiwit to breed a miitable line 
for poor environments 


15. 
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Similarly the genotypes Lakhan, Vijaya, Jyoti, K-551. K .790 
Lakhan. K-804 and K-141 were observed to be high yielding and 
stable but its corresponding "bi" values was greater than unity. 
These genotypes would perform better in favourable conditions 
and hence ^ could be recommended for cultivation under better 
management practices. ^ 


All the ^ven stable genotypes for grain yieid with high mean 
performance showed stability for different characters meotioiier 
agfiirtrt-tsacfr^ labterBB*’ Some other genotypes \A^re also 
identified with medium mean performance and stable for grain 
yield showing stability with other characters m entioned -against 
each in aforesiHd 

Considering high mean (>80.02), regressbn coefficient close to 

"9 9y-'-W y^/J- 

unity (b*1) and^evration nw r^ression zero (S di=0), tiie seven 
promising genotypes namely RD-2684, Manjula, K-678, BH-851, 
K-792, K-79Q and K-7&4 were detected as d^irable and stable for 
malt p€H'ca«r»tage over eight envifonrwnts. These variefies couW be 
recommended for owmmrcial cultivation for malt percentage in 
environments tested in the present study. 


While, the genotypes Jagr^, PL-781, K-370. K-729, BEU-73 and 
K-675 were observwJ high yfokling few malt and st^ie but ther 
correspcmding •bf values were significantly gr^r than unity. 
It shows that these genotypes would perform belter in favourable 
envrrcmmentf and hence could be recorrwnended for general 


cultivation 


101 


1 


19 Seven stable genotypes for malt percentage with high mean 
performance (>80.02) had stability jj^^ifferent i^ljer^haracters 
mentioned against each genotypes in Table-37. Some more 
genotypes were also identified with medium mean performance 
and stable for malt percentage showing stability with other 
characters in the same table. 


20. Considering stability criteria, for starch percentage under eight 
environments only four genotypes were identified as desirable and 
stable i.e., PL-781, K-1155, K-633 and K-794. Therefore these 
genotypes could be recommended for general cultivation. 


21. However, the genotypes RD-2684, K-729, BEU-73, K-792, K-784, 
K-1149 and K-804 had high starch percentage and stable but their 
"bi" values were found significantly lower than unity. Therefore, 
these genotypes would perform better in poor environments heqpe 
can be involved as a parent .in the breeding programme of 
abridgii^^te bree^ suitable line for poor en\/lronment. 


22. ■ Genotypes K-169, Lakhan, K-791, K-318, Afhber and K-14T 

♦ 

showing stability for starcl? percentage and medium mean 
perfownance also showed stability with other characteT^entioned 
against each genotype in Table-37. 
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